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ANOMALIES OF THE COLON: 


THEIR ROENTGEN DIAGNOSIS 


AND CLINICAL SIGNIFICANCE! 
RESUME OF TEN YEARS’ STUDY! 
By JOHN L. KANTOR, M.D., New York City 


==HIS study is based on a series of ap- 

proximately 2,000 consecutive cases in 

which the form and function of the 
colon was observed roentgenologically. 
This series, in turn, constitutes a part of a 
basic group of approximately 4,000 private 
patients complaining of various digestive 
symptoms, thus furnishing a homogeneous 
background for the conclusions presented. 
The statistical method was employed 
throughout in the belief that this would 
yield results most likely to be objective in 
nature and most open to confirmation or 
refutation by others. 

By way of preliminary survey 3,000 un- 
selected cases of the basic group were 
analyzed for the general incidence of the 
more common symptoms of ‘‘indigestion.”’ 
These figures are presented in Table I, and 
will be used throughout the paper as a 
standard of comparison for the anomalies 
about to be described. Having no precon- 
ceived notions to establish, the chief 
emphasis will be placed on the facts them- 
selves, leaving the temptation to speculate 
on their significance in the background. 
Nevertheless, before proceeding to details 
it may be of value to formulate the follow- 
ing generalizations that have grown out of 
this study: 

1. Anomalies may be regarded as ex- 
pressions of organic constitutional inferior- 


1 Read before the Fourth International Congress 
of Radiology, Ziirich, July 28, 1934. 


TABLE I.—INCIDENCE OF THE MORE COM- 
MON COMPLAINTS OF DYSPEPTICS BASED ON 
3,000 HISTORIES 


Per 


Abdominal pain 
Constipation 
Flatulence 
Belching 
Headache 
Vomiting 
Epigastric Distress 
Abdominal Distention 
Heartburn 
Right Lower Quadrant Pain 
(in 1,691 x-rayed cases) 
Nausea 
Diarrhea 
Food Restriction 
Anorexia 
Regurgitation 
Globus Hystericus 
Vertigo 
Jaundice 
Bleeding 
(Hematemesis 38, melena 30) 
Bleeding 
(Bright blood in stools) 
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ity or, in other words, points of actual or 
potential weakness in the body structure. 

2. Anomalies may be divided into the 
following three classes: Those incompati- 
ble with life (congenital atresia of the bile 
ducts); those compatible with life but 
not with robust health (high grade vis- 
ceroptosis); those compatible with life and 
health under favorable circumstances (un- 
complicated Meckel’s diverticulum). 

3. The general tendency seems to be 
for the body as a whole to compensate for 
the presence of an anomaly. Hence symp- 
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toms do not occur unless this compensatory 
mechanism breaks down, a break which 
may result from any of the following 
causes: 


Fig. 1. Redundant colon: Fig. 2. 


Large central pelvic loop, rising 
well above inter-iliac crest level 
(basic criterion). 


(a) Mechanical factors, such as strangu- 
lation of a silent Meckel’s diverticulum. 

(b) Infection, which may change a 
diverticulosis into a diverticulitis. 

(c) Juxtaposition of two or more anoma- 
lies, such as the presence of ectopic 
gastric mucosa in a Meckel’s diverticu- 
lum, which may lead to hemorrhage or 
perforation. 

(d) Old age and increasing asthenia 
especially prominent in the case of all 
hernias and herniations, in which the weak 
spots exist from birth but the fully de- 
veloped condition occurs later in life. 

(e) Associated functional instability. 
When neuroses and anomalies co-exist, the 
former furnishes the underlying functional 
instability—the break in compensation— 
and the anomaly furnishes the particular 
digestive symptomatology for the clinical 
picture. 

4. Because of variations in the com- 
pensatory mechanism, the symptomatology 
of anomalies is not continuous or progres- 
sive as in ordinary diseases. Thus, anoma- 
lies may cause symptoms in some of their 
owners all of the time, and in all of their 
owners some of the time, but are under no 


Redundant 
Complete loop of iliac portion. 
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obligation to cause symptoms in all of 
their owners all of the time. This is the 
chief single differential between an anomaly 
and an acquired lesion and is of great im- 


Redundant colon: 


Fig. 3. 
Double _ splenic flexure 
straight efferent loop. 


colon: 
with 


portance in appraising the practical sig- 
nificance of anomalies. 

Anomalies of the colon will be discussed 
under the following headings: 

Anomalies of length: Redundant colon. 

Anomalies of rotation: Non-rotation. 

Anomalies of descent: Hypodescent, 
hyperdescent. 

Anomalies of fixation: 
hyperfixation. 


Hypofixation, 


ANOMALIES OF LENGTH: REDUNDANT COLON 
(DOLICHOCOLON) 


Description and Roentgen A ppearance.— 
The redundant colon (dolichocolon) is one 
which is too long to fit into the body of its 
owner without undergoing reduplication. 
The distal colon is the part usually though 
not invariably affected, the most common 
variety being an enlarged sigmoid loop 
centrally placed and rising well out of the 
pelvis (Fig. 1). Redundancy of the iliac 
colon is also frequent (Fig. 2). Two sub- 
varieties are encountered often enough to 
receive the descriptive terms ‘double 
splenic flexure with straight efferent loop” 
(Fig. 3) and “pelvic loop to the right” 
(Fig. 4). Kinks of the colon, presumably 
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due to bands or adhesions, are rather fre- 
quent. Of these, 166 cases were en- 
countered in our series but have been ex- 
cluded from the group of true redundant 


Fig. 4. Redundant 
Pelvic loop to right. 


colon: Fig. 5. 
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Non-rotated colon: 
Showing ectopic small intestine 
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termed ‘‘cascade”’ stomach. In some cases 
the stomach is inverted or rotated on its 
horizontal axis so that it becomes retort- 
shaped. 


Fig. 6. Normal colon: Show- 


ing roentgen landmarks. 


with ileum entering colon from the 


right. 
colons and are not here discussed. Hirsch- 
sprung’s disease (not discussed in this 
paper) differs from the redundant colon 
by the presence of enormous dilatation of 
the affected loops in the former. 

The diagnosis of redundant colon is made 
by roentgen examination after the opaque 
enema to show the form, and after the 
opaque meal to show the function, of the 
large intestine. The opaque enema is 
the basic procedure. Any casein which the 
enema-filled pelvic loop rises above a line 
joining the iliac crests is arbitrarily diag- 
nosed redundant colon. Of course this 
criterion includes many mild and asymp- 
tomatic cases. The amount of enema fluid 
necessary to fill to the cecum averages 46 
ounces (about 1,380 c.c.) in redundant 
colons and has reached as high as 120 
ounces (about 3,600 c.c.). These figures 
are to be contrasted with the average 38 
ounces (about 1,140 c.c.), required to fill 
the normal colon completely. 

In many cases the stomach is displaced 
and deformed. The usual displacement is 
to the right and, since the cardiac end is 
fixed, the resulting appearance has been 


Incidence.—In 1,850 roentgenographed 
patients, 343 cases of redundant colon were 
encountered, an incidence of 18.5 per cent. 
Analysis of this relatively large group 
shows that the anomaly affects both sexes 
(55 per cent females) and both extremes of 
habitus (29 per cent sthenics vs. 24 per 
cent asthenics) with approximately equal 
frequency. It is interesting to note, how- 
ever, that the subvariety described as 
“pelvic loop to the right’ occurs pre- 
dominately in the sthenic habitus. Thus 
in 48 cases of this group there were 56 
per cent sthenics, 44 per cent intermedi- 
ates, and no asthenics. 

Clinical Picture (Table IIT).—In the ten 
years since the publication of our first 
study in 1924, numerous observers (Lari- 
more, White, Moller, Gauss, Bush, Strauss, 
Dagnino, Piccinino, and particularly 
Chiray, Lomon, and Wahl) have agreed 
that the redundant colon probably repre- 
sents a definite entity with a constant in- 
cidence and clinical picture. Although, as 
with all anomalies, symptoms may be absent 
or variable, the combination of constipation, 
pain, and gas distress is characteristic. 
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TABLE II.—REDUNDANT COLON 


Incidence 
General, in 1,850 roentgenographed patients 
Sex: 
Females 
Males 
Habitus: 
Sthenics 
Asthenics 
Clinical Features 
Constipation (general incidence 46 per cent) 
Distention, abdominal (general incidence 13 per 
cent) 
Pain, abdominal (general incidence 47 per cent) 
Pain, right lower quadrant (general incidence 9 
per cent) 
Tenderness right lower quadrant (general in- 
cidence 19 per cent) 
Appendicitis, operation (general incidence 17 
per cent) 
Appendicitis, “‘pus’’ (incidence in appendicitis, 
operation 16 per cent) 


The constipation, which is present in 66 
per cent of cases (general incidence, 46 per 
cent), usually dates from birth. It is 


characterized by long intervals between 
stools (often one week) and by difficulty 
in expelling enemas, but is on the whole 
not associated with marked systemic or 
general upsets. Gas distress is often strik- 


ing. It is most characteristic in the form 
of abdominal distention and occurred in 21 
per cent of cases as against a general 
incidence of 13 per cent in our unse ected 
material. There is often localized disten- 
tion corresponding to the redundant loop. 
Belching may represent a misdirected ef- 
fort to relieve pressure in the splenic 
flexure, but this symptom occurred in only 
21 per cent as against a general incidence of 
34 per cent. The incidence of flatulence 
was the same as that in the unselected 
series (38 per cent). 

Pain is present somewhere in the ab- 
domen in 55 per cent of the cases (general 
incidence, 47 per cent). It is always due to 
superimposed spasm proximal to the point 
of redundance and may be associated with 
localized colitis, especially in patients who 
have acquired the cathartic or enema habit. 
The pains may suggest carcinoma or 
diverticulitis of the colon, heart disease, 
gall-bladder disease, or appendicitis. Pain 
in the right lower quadrant was present 
in 11 per cent (general incidence, 9 per 
cent), and tenderness in the right lower 


quadrant occurred in 27 per cent (general 
incidence, 19 per cent). Appendectomy 
was performed in 22 per cent as compared 
to a general incidence of 17 per cent in our 
basic 3,000 cases. Pus cases were, if any- 
thing, less frequent than in the general series. 

Volvulus, although not encountered in 
this series, can occur only when the 
mesentery is elongated, as in redundant 
colon. It is our opinion, confirmed by the 
actual observations of several surgeons, 
that this accident usually follows violent 
efforts at purgation, resulting in irregular 
and atypical peristalsis. 

Treatment.—The management of re- 
dundant colon consists essentially in the 
withdrawal of all forms of colonic abuse 
and the restoration of normal function by 
conservative procedures. The details of 
this therapy have been published else- 
where. The prognosis for relief is good. 
Surgical intervention] should be reserved 
for cases of volvulus only. 


ANOMALIES OF ROTATION: NON-ROTATION 


Description and Roentgen A ppearance.— 
Non-rotation of the colon represents an ar- 
rest of development whereby the cecum 
and succeeding portions of the colon re- 
main in the left half of the abdomen and 
the coils of the jejuno-ileum in the right 
portion of this cavity. The condition may 
be complete or incomplete. When com- 
plete non-rotation exists, a mesenterium 
commune is invariably present. 

Roentgenologically the cecum is found 
in the pelvis either in the mid-line or 
actually to the left. The ceco-colon as- 
cends in the mid-line; the transverse 
colon is short, bent into an irregular shape, 
or may even be indistinguishable; the 
splenic flexure, and the colon distal to it, 
occupy the usual position. The entrance 
of the ileum into the ceco-colon is from the 
right instead of from the left side (Fig. 5). 

Although this condition is generally as- 
sumed to remain fixed in adult life, this is 
not always true. In one of our cases which 
was carefully studied (both after opaque 
meal and opaque enema) the cecum and 
ceco-colon were found to be on the right 
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side at the 24-hour observation of the 
progress meal, although a complete non- 
rotation was present at observations made 
4, 6, 8, 9, 10, 11, 48, and 72 hours after 


Fig. 7. High cecum: Sub- 


hepatic position (rare). 
marks. 


the opaque meal. The usual opaque 
enema revealed a complete non-rotation. 
Following the evacuation of the barium, 
a contrast enema (airgram) was made, a 
procedure which caused a complete rota- 
tion of the colon to the normal position. 
A second opaque enema was then ad- 
ministered and the normal condition was 
again demonstrated. © However, subse- 
quent examinations showed that the colon 
had reverted toits non-rotated arrangement. 

In all of our subjects the entire small 
intestine was also non-rotated, the duo- 
denum never crossing the mid-line. The 
converse situation, however, is not in- 
variably true, since non-rotation of the 
duodenum may exist without non-rota- 
tion of the colon. There are two such 
cases in the present series. Incomplete 
non-rotation (partial rotation) of the cecum 
has been described. Such forms have not 
been positively demonstrated in our ma- 
terial. 

The amount of opaque enema required 
to fill the colon averaged 35 ounces 
(about 1,050 c.c.). In other words, it was 
just short of the normal figure of 38 
ounces (about 1,140 c.c.). 

Incidence.—The condition is rare. 
four cases were encountered in 


Only 
2,071 
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Fig. 8. High cecum: Common 
variety, showing roentgen land- 
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roentgenographed patients in whom the 
position of the cecum was carefully re- 
corded—an incidence of 0.19 per cent. 
Two of our subjects were men, and two 


Fig. 9. Low cecum: Showing 
roentgen landmarks. 


were women. In three, the habitus was 
described as intermediate, in the fourth 
it was asthenic. 

Clinical Picture.—In a series so small as 
the present it is impossible to draw any 
general conclusions regarding the clinical 
significance of non-rotation of the colon. 
However, because of the relative rarity 
of the condition a brief tabulation of 
findings may be worth recording. All four 
were constipated; nausea occurred in three 
subjects, vomiting in two; three of the 
patients complained of headache; vertigo 
was recorded in two cases; no notation of 
this symptom was made in the other two; 
abdominal pain was noted in two subjects, 
but one of these was suffering from duo- 
denal ulcer. Grave (surgical) accidents 
resulting from non-rotation seem to be 
rare; no instance was recorded in this 
series. However, such a possibility must 
be borne in mind whenever a mesenterium 
commune is present. 


ANOMALIES OF DESCENT: HYPODESCENT 
(THE HIGH CECUM) 


Description and Roentgen A ppearance.— 
The cecum may be arrested in its embryo- 
logic descent at any stage between the 
liver and its normal resting place, which 
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is the middle of the right iliac fossa (Fig. 
6). Since subhepatic ceca are rare (Fig. 
7)—we encountered but 27 cases in which 
the cecum was at or above the iliac crest— 
we have included all ceca occupying the 
upper part of the iliac fossa in a group 
which we have arbitrarily designated 
“high cecum” (Fig. 8). The exact roent- 
gen criteria delimiting this group are as 
follows: 

1. In its highest position in any film 
of a given case, studied routinely by opaque 
meal and opaque enema, the tip of the 
cecum must appear above the iliac crest, 
at the crest, or in the upper third of the 
iliac fossa—as measured between the crest 
of the ilium and top of the acetabulum on 
the film taken in the usual prone position 
during slight inspiration. 

2. In its lowest position in any film 
of the same given case, the tip of the cecum 
must lie within the upper half of the iliac 
fossa as above determined. A cecum that 
extended half-way down or more was ex- 
cluded from the series. 

3. The length of the ceco-colon as 
measured after the barium meal must not 
exceed 7 inches (17.5cm.). This figure was 
chosen as the maximum for high ceca be- 
cause (as shown in a previous study of this 
series) it represents the average length of 
the ceco-colon in normally placed ceca. 
These measurements are all obtained from 
films taken prone at a distance of 26 
or 26.5 inches (65 or 66.3 cm.) from the 
tube target. 

The diagnosis of high cecum is best 
made roentgenologically nine hours after 
the ingestion of an opaque meal. In some 
cases the cecum is attached to the liver, 
but the proximal transverse colon hangs 
down, festoon-like, in such fashion as to 
resemble a normal ascending segment. 
This may cause confusion unless observa- 
tions are made in the right oblique posi- 
tion. Usually the right iliac fossa is oc- 
cupied by loops of terminal ileum, but 
in some 5 per cent of cases the latter are re- 
placed by a loop of pelvic colon. This ar- 
rangement has already been described as 
a subvariety of the redundant colon under 
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the descriptive title “‘pelvic loop to the 
right.” Its recognition is of some clinical 
importance because it may still further con- 
fuse surgeons in their attempt to locate the 
ectopic appendix in emergency operations 
in cases presenting high cecum. 

Incidence.—In our series of 2,071 roent- 
genographed cases, high ceca were ob- 
served in 134 (6.5 per cent). Males pre- 
dominated strikingly over females (76 per 
cent vs. 24 per cent), as did sthenics (74 
per cent) over asthenics (4 per cent). 
High ceca are associated with hypofixation 
of the proximal colon (see below). 

Clinical Picture (Table II).—On the 
whole, this group is composed of robust 
individuals remarkably free from the com- 
mon manifestations of functional digestive 
upset. In this respect they offer a strik- 
ing contrast to the group of patients with 
low cecum, next to be described. Using 
headaches and vomiting as typical expres- 
sions of functional digestive disorders, we 
find that the incidence of these complaints 
(18 per cent and 20 per cent, respectively) 
is about that in normal ceca (i.e., in the 
general series) but is decidedly less than 
in low ceca. 


TABLE III.—HIGH CECUM 


Incidence 

General, in 2,071 roentgenographed patients 
Sex: 

Males 

Females 
Habitus: 

Sthenics 

Asthenics 

Clinical Features 

Headaches (general incidence 23 per cent) 
Vomiting (general incidence 20 per cent) 
Constipation (general incidence 46 per cent) 
Appendicitis, operation (general incidence 17 

per cent) 
Appendicitis, “‘pus’’ (incidence in appendicitis, 

operation 16 per cent) 


Recalling the high incidence of constipa- 
tion in redundant (long) colon, viz., 66 per 
cent, it is interesting to observe that con- 
stipation occurs in but 36 per cent of cases 
of high cecum. Since this figure is also ap- 
preciably lower than the general incidence 
of constipation in non-selected cases, it 
would appear safe to make the generali- 
zation that constipation varies directly as 
colonic length. 
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The relation of high cecum to appendi- 
citis is interesting. In the first place, 
the appendix being located at or near the 
liver instead of in the right iliac fossa, the 
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tops of both acetabular cavities on the 
standard prone film (Fig. 9). In accord- 
ance with our concept that the low cecum 
represents a true overgrowth rather than a 


NORMAL 


Fig. 10. Normal fixation of proximal colon: 


prone and erect postures. 


clinical picture may resemble acute chole- 
cystitis more than appendicitis. Further- 
more, the presence of actual inflammation 


(pus appendix) is one and one-half times 
as likely (26 per cent) in high cecum as in 
the average appendectomy case (16 per 
cent), and more than two and one-half 
times more likely than in low cecum (10 
per cent). 

Treatment.—High cecum, as such, re- 


quires no treatment. One should take 
no chances with symptoms suggesting ap- 
pendicitis and must be prepared to find 
the appendix high in the abdomen. 


HYPERDESCENT (THE LOW CECUM) 


Description and Roentgen A ppearance.— 
The low cecum is the result of embryologic 
hyperdescent, the organ prolapsing below 
the right iliac fossa into the true pelvis. 
The anomaly furnishes a complete and 
striking contrast to the high cecum just 
described. 

The diagnosis of low cecum is best made 
nine hours after the ingestion of the stand- 
ard opaque meal. ‘This anomaly may be 
said to exist when the cecal tip reaches 
down to or below the mid-pelvis, as deter- 
mined by a horizontal line connecting the 


Showing range of mobility in 


local expression of ptosis, the length of the 
cecolon in these cases is increased from 
the average 7 inches (17.8 cm.) in the 
normal cecum, to an average of 9 inches 
(22.9 cm.), with the maximum reaching 13 
inches (32.5 cm.). The cecal tip was 
fixed in 30 per cent of the cases; the rest 
of the cases showed a mobility of more than 
linch (2.5cem.). These figures are based on 
a review of all films (barium meal and 
enema) of a given case. If only the 9- 
hour prone and erect observations are con- 
sidered, the incidence of fixation is higher 
(see below). 

The most common associated anomaly 
was represented by duodenal bands, which 
occurred in 13 per cent of cases; f.e., over 
twice the general incidence. 

Incidence.—The low cecum ranks with 
redundant colon as one of the two most 
common anomalies of the colon. It was 
observed 379 times in our series of 2,071 
roentgenographed patients, an incidence of 
18.3 per cent. Women make up 74 per 
cent of the patients, and asthenics pre- 
dominate over sthenics in the proportion 
of four to one (48 to 12 per cent). Low 
ceca are associated with hyperfixation of 
the proximal colon (see below). 
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TABLE IV.—LOW CECUM 


Incidence 
General, in 2,071 roentgenographed patients 
Sex: 

Females 

Males 
Habitus: 

Asthenics 

Sthenics 
Associated duodenal bands (general incidence 

5 per cent) 

Clinical Features 
Vomiting (general incidence 20 per cent) 
Headaches (general incidence 23 per cent) 
Pain, right lower quadrant (general incidence 

9 per cent) 

Tenderness, right lower quadrant (general in- 
cidence 19 per cent) 
Appendicitis, operation (general incidence 17 

per cent) 

Appendicitis, “‘pus’’ (incidence in appendicitis, 
operation 16 per cent) 

Clinical Picture (Table IV).—Low cecum 
is, we believe, responsible for a definite 
symptomatology. The complaints are of 
two orders, namely, general and _ local. 
The general symptoms are those ordinarily 
regarded as reflex or toxic in character. 
Chief among these are vomiting, which oc- 
curred in 41 per cent (general incidence, 
20 per cent), and headache, which occurred 
in 40 per cent (general incidence, 23 per 
cent). 

The vomiting in these cases is habitual 
and rather easy, being provoked by strain, 
fatigue, emotional excitement, dietary in- 
discretion, menstruation, and headaches. 
The patient may take this symptom so 
much for granted that she may fail to 
mention it in the history unless specifi- 
cally questioned. 

The headaches are often of the migraine 
type and are caused by the same factors 
as is the vomiting. Both these major 
manifestations may be represented by less 
severe symptoms. Thus, vomiting may be 
replaced by nausea, train or car sickness, 
and headaches by vertigo. These patients 
often exhibit other stigmas of physical, 
nervous, or emotional instability. 

The local symptoms are referable to the 
right lower quadrant. Spontaneous pain 
in this region, which occurs in 9 per cent 
of all patients, is observed in 13 per cent 
of cases of low cecum. Tenderness in the 
right lower quadrant is also present more 


often (24 per cent) than in the general 
series (19 per cent). When cecal stasis is 
associated with low cecum, the figures for 
right-sided pain and tenderness increase 
from 13 and 24 per cent to 21 and 28 per 
cent, respectively. It is undoubtedly for 
this reason that patients with low cecum 
constitute the most frequently appendec- 
tomized group of colon anomalies (26 per 
cent vs. 17 per cent, general incidence). 
Appendix removal is obviously unwarranted 
in most cases because of the following rea- 
sons: (1) There is nothing in the history of 
low cecum on which a diagnosis of appen- 
dicitis can be properly based; (2) the obser- 
vations at operation show the smallest pro- 
portion of pus cases of any group of colon 
anomalies that we have studied, namely, 10 
per cent as against a general incidence of 16 
per cent and an incidence in high cecum of 
26 per cent. 

Explanation of Symptoms.—In previous 
articles an explanation was offered for the 
symptoms encountered in cases of low ce- 
cum. As this explanation was largely theo- 
retical, and particularly since it has not yet 
been confirmed or refuted by others, only the 
following summary will be presented here. 

According to this hypothesis, the cause 
of the symptoms in low cecum may actually 
reside in the duodenum in which transient 
stasis is produced, no gross obstruction 
taking place. The transient retentions are 
assumed to result from the intermittent 
drag of the low cecum, the pressure being 
mediated through any of the structures 
that cross the second or third portion of 
the duodenum. These structures are the 
transverse mesocolon crossing the second 
portion, the right and middle colic artery, 
the superior mesenteric artery, and the root 
of the mesentery of the small intestine 
crossing the third portion. According to 
this view, the actual occurrence of symp- 
toms would be favored by such features 
as the erect posture, stasis in the cecum, 
mesenterialization (hypofixation) of the 
ascending colon with increased mobility 
of the cecum, and the presence of duodenal 
bands. The latter adhesions would, by 
fixing the duodenum, tend to ‘‘step up” 
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the effect of colonic dragging so that sub- 

minimal stimuli might become effective. 
Treatment—The medical management 

of low cecum consists in treating the 
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Much has been written about the clinical 
(especially the surgical) significance of 
both hypofixation and hyperfixation with- 
out a sound knowledge of important basic 


HYPOFIXATION 


Fig. 11. 
prone and erect postures. 


asthenic habitus, controlling the neurosis, 
fattening the patient, and relieving the 
cecal stasis, which may be accomplished 
by correcting the distal constipation when 


present, thus clearing the track ahead. 
In none of our cases was it found neces- 
sary to recommend surgical therapy. 


ANOMALIES OF FIXATION 


Description and Roentgen A ppearance.— 
The process of fixation of the large in- 
testine is normally completed by the sixth 
or seventh month of fetal life. Departures 
from the normal development may take 
place in either of the following two direc- 
tions: (1) There may be an arrest in 
fixation with a persistence of the primi- 
tive mesentery and increased mobility 
(hypermobility, hypofixation) of the as- 
cending colon, with or without a mesen- 
terium commune, or (2) there may be an 
abnormal progression of the fixation pro- 
cess, resulting in excessive adhesion (hyper- 
fixation, hypomobility). This excess of 
fixation may involve the whole course of 
the ascending colon, or only certain por- 
tions of it. Similar abnormalities may 
affect the distal colon but they are more 
difficult to study and will not be considered 
in this communication. 


Hypofixation of proximal colon: 


Showing range of mobility in 


data concerning colonic fixation. A study 
of this subject correlating essential clinical 
and roentgen data in 383 cases has recently 
been published by the writer. In that com- 
munication detailed statistics are pre- 
sented relating to the fixation of the hepatic 
flexure alone, the cecum alone, and the 
ceco-colon as a whole. The following para- 
graphs represent a summary of this in- 
vestigation. 

Roentgen Technic and Criteria.—Fixation 
of the ascending colon is best studied nine 
hours after the administration of an opaque 
meal. Films are made in both erect and 
prone positions (Fig. 10). The location of 
the hepatic flexure is noted in felation to 
the crest of the right ilium in each position. 
Similarly, the location of the tip of the 
cecum is noted in relation to the top of 
the right acetabulum. 

The average range of mobility of the 
hepatic flexure in the shift from the prone 
to the erect posture is one and two-thirds 
inches (4.2 cm.): the average vertical 
mobility of the cecum is about one and 
one-third inches (3.4 cm.). For the pur- 
pose of this study, excessive mobility of 
the hepatic flexure was arbitrarily di- 
agnosed when the vertical excursion 
reached 3 inches (7.4 cm.) or more. Ex- 
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cessive mobility of the cecum was diag- 
nosed when the excursion reached two and 
one-half inches (6.4 cm.) or more. Ex- 
cessive fixation of either the hepatic 
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lapse of the cecum through a hernia. In 
Wandel’s classic case of mesenterium com- 
mune, the duodenum and _ mesenteric 
pedicle were completely encircled and 
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Fig. 12. Hyperfixation of proximal colon: 


prone and erect postures. 


flexure or the cecum was arbitrarily as- 
sumed to exist when the vertical range in 
mobility resulting from change in posture 


was 1 inch (2.5 cm.) or less. 


HYPOFIXATION (EXCESSIVE MOBILITY) 


Incidence-—Hypofixation of either the 
hepatic flexure or the cecum occurred in 
10 per cent of the 383 cases studied in this 
series. Hypofixation of the ceco-colon as 
a whole occurred in 4 per cent of the cases. 
Excessive mobility in general is associated 
with the sthenic habitus and with a high 
cecum (Fig. 11, Table V). 

Clinical Picture-—Hypermobility of the 
hepatic flexure alone is associated with 
right lower quadrant pain (25 per cent vs. 
general incidence of 9 per cent) and with 
right lower quadrant tenderness (27 per 
cent vs. general incidence of 19 per cent). 
There is also an association, though less 
striking, with colonic stasis. 

Hypermobility of the cecum alone is as- 
sociated with increased colonic irritability. 
Hypermobility of the entire ceco-colon, 
with or without a mesenterium commune, 
is a prerequisite for such acute surgical 
complications as volvulus of the ceco- 
colon, ileo-cecal intussusception, and pro- 


Saowing range of mobility in 


strangulated by the absolutely unattached 
proximal colon. (As has already been 
mentioned, cases of non-rotation of the 
cecum are of necessity also cases of 
mesenterium commune.) Finally, it may 
be mentioned that none of our 19 mobile 
ceco-colon cases developed any of the 
acute surgical complications above men- 
tioned. 


HYPERFIXATION (EXCESSIVE FIXATION) 


Incidence.—Hy perfixation of the hepatic 
flexure occurred in 28 per cent of the cases; 
of the cecum in 43 per cent of the cases, 
and of the ceco-colon in 20 per cent of the 
cases. As already mentioned under “low 
cecum,” if all the films of a given case are 
considered, the figures for the cecum (and 
perhaps for the rest of the ceco-colon in 
proportion) will be found to drop to 30 
per cent. Excessive fixation, in general, 
is associated with low ceca and with 
duodenal bands (Fig. 12, Table VI). 

Clinical Picture-—Hyperfixation of the 
hepatic flexure alone is associated with a 
moderate tendency to colonic irritability. 
Contrary to the common opinion, there 
is no evidence of association with gall- 
bladder disease, nor does cholecystectomy 
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tend to fix the hepatic flexure. In other 
words, in the majority of instances the 
fixation represents a congenital, not an ac- 
quired, phenomenon. 

Hyperfixation of the cecum alone, when 
the organ is not low placed, is apparently 
asymptomatic. There is no evidence that 
cecal fixation results from appendectomy. 
Hyperfixation of the entire ceco-colon is 
associated with increased colonic irrita- 
bility. 

Therapy.—Variations in fixation of the 
ceco-colon as a whole, or of either of its 
terminations (cecum, hepatic flexure) do 
not seem to be responsible for any marked 
clinical disturbances. The symptoms en- 


countered resemble those commonly as- 
sociated with the unstable colon and re- 
spond reasonably well to conservative 
medical management. In none of the cases 
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reported in this study was it found neces- 
sary to recommend surgical therapy. This 
should be restricted to cases in which in- 
testinal obstruction is demonstrated. 


SUMMARY 


This study is based on a series of ap- 
proximately 2,000 consecutive cases in 
which the colon form and function was ob- 
served roentgenologically. This series, in 
turn, constitutes a part of a basic group 
of approximately 4,000 private patients 
complaining of various digestive symp- 
toms, thus furnishing a homogeneous back- 
ground for the conclusions here presented. 

Anomalies of the colon are discussed 
under the following headings: 

Anomalies of length: Redundant colon. 

Anomalies of rotation: Non-rotation. 


TABLE V.—HYPOFIXATION OF PROXIMAL COLON 


General, in 383 roentgenographed patients 
Habitus 

Asthenic 

Sthenic 
Associated Anomalies 

High Cecum 

Low Cecum 

Duodenal Bands 


(40 cases) 


Hepatic 
Flexure General 


Incidence 


Ceco-colon 
(15 cases) 


Cecum 
(40 cases) 
Incidence (Per cent) 

10 10 


10 8 
47 
15 
13 
8 


Clinical Features (Per cent) 


Right Lower Quadrant Pain 

Right Lower Quadrant Tenderness 
Constipation 

“Colitis” (Irritable Colon) 
Gall-bladder Disease 


25 
28 
58 
58 
13 


TABLE VI.—-HYPERFIXATION OF PROXIMAL COLON 


General, in 383 roentgenographed patients 
Habitus 

Asthenic 

Sthenic 
Associated Anomalies 

High Cecum 

Low Cecum 

Duodenal Bands 


(107 cases) 


Hepatic 
Flexure General 


Incidence 


Ceco-colon 
(76 cases) 


Cecum 
(166 cases) 
Incidence (Per cent) 

28 43 20 


19 31 24 


32 2 29 


3 5 
26 37 


10 11 


Clinical Features (Per cent) 


Right Lower Quadrant Pain 

Right Lower Quadrant Tenderness 
Constipation 

“Colitis” (Irritable Colon) 
Gall-bladder Disease 


8 : 15 
16 25 18 
45 5 42 
67 56 64 

3 f + 
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Anomalies of descent: 
hyperdescent. 

Anomalies of fixation: 
hyperfixation. 

The redundant colon (dolichocolon) was 
present in 18 per cent of cases. Its chief 
clinical aspects are its occurrence in all 
builds and both sexes, and its association 
with marked constipation, and, less often, 
with pain and gas. 

Non-rotation of the colon is rare. It 
was present in about 0.2 per cent of cases. 
It is often a manifestation of non-rotation 
of the entire intestinal tract in which case 
it is associated with mesenterium com- 
mune. In the majority of cases the con- 
dition seems to be asymptomatic. 

High cecum (hypodescent of the cecum) 
occurred in 6 per cent of cases. Its chief 
clinical .aspects are its occurrence in 
eupeptic, sthenic males, and the ectopic 
position and increased tendency to in- 
flammation of the appendix. 

Low cecum (hyperdescent of the cecum) 
occurred in 18 per cent of cases. Its chief 
clinical aspects are its occurrence in 
asthenic women and its association with 
headaches and vomiting, and discomfort in 
the right lower quadrant. 

Hypofixation (excessive mobility) of the 
proximal (ceco-) colon occurred in 4 per 
cent of cases. It is associated with the 
sthenic habitus and high cecum, and is a 
prerequisite for volvulus and intussus- 
ception. Hypofixation of the hepatic 
flexure alone is associated with right lower 
quadrant pain and tenderness. Hypo- 
fixation of the cecum alone is associated 
with increased colonic irritability. 

Hyperfixation (excessive fixation) of the 
proximal (ceco-) colon occurred in 20 per 


Hypodescent, 


Hypofixation, 
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cent of cases. It is associated with low 
ceca, duodenal bands, and colonic irrit- 
ability. Hyperfixation of the hepatic 
flexure alone is associated with colonic ir- 
ritability. Hyperfixation of the cecum 
alone is apparently asymptomatic. 

Surgical therapy is not indicated in the 
great majority of colon anomalies: this 
form of treatment should be reserved for 
instances of actual intestinal obstruction. 
In most cases a conservative plan of man- 
agement, based on the restoration of 
normal colon function, suffices for the re- 
lief of symptoms. 
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SOURCES OF ERROR IN ORAL CHOLECYSTOGRAPHY, WITH SUGGESTED 
METHODS OF CORRECTION' 


By WILLIAM H. STEWART, M.D., and H. EARL ILLICK, M.D., New York City 


From the Roentgenological Department, Lenox Hill Hospital 


ries requires more attention to detail 

than any other type of x-ray exami. 
nation. To overlook any one of many essen- 
tials in performing the test may ruin the 
entire examination. While certain stand- 
ardization is helpful, there must be varia- 
tion in technic if the full value of the 
method is utilized. 

There are certain errors in cholecystog- 
raphy which are due, first, to the patient, 
second, to the technic, and—last and most 
important—-due to misinterpretation. 
These will be dealt with in their order and 
an effort made to outline corrections. 

First, Errors Due to the Patient.—An indi- 
vidual may be unable to co-operate fully 
on account of illness, or he may misunder- 
stand the instructions so that he does not 
do as directed. 

Completely suspending respiration is very 
difficult for some patients, especially should 
they be suffering from cardiac lesions or 
ascites. Much can be gained’ by taking 
sufficient time properly to instruct the pa- 
tient before any films are exposed. It is 
surprising to note how many individuals 
are unable to comprehend simple instruc- 
tions and fail repeatedly in carrying them 
out. Holding the nose during suspension 
of respiration is often of great assistance. 
Comparison of a number of films of the 
same patient made at the same time will 
always show some of greater brilliance of 
detail than others and these films invari- 
ably are those made while the patient sus- 
pended respiration most satisfactorily. 

There may be inadequate preparation of 
the patient because of ‘‘gas’’ pockets in the 
hepatic flexure or stomach or even retained 
intestinal contents. Incompletely absorbed 


fi SATISFACTORY oral Graham se- 


1 Read before the Fourth International Congress of 
Radiology at Zurich, Switzerland, July, 1934, 


dye may also interfere with clear visualiza- 
tion of the gall-bladder region. It is es- 
sential that a cleansing enema be given im- 
mediately before the examination in cases 
in which the gall bladder is to be outlined 
with maximum intensity so that the bowel 
may be clear of confusing, overlying shad- 
ows. 

The patient may have been given some- 
thing to eat during the fasting period due to 
a misunderstanding of orders and the gall 
bladder may be partially emptied of its 
opaque bile as a result of this lack of co- 
operation. 

Second, Errors Due to Imperfect Tech- 
nic—Many errors may creep into the 
technic of performance of the oral Graham 
test. Let us consider those concerning the 
tetraiodo first. 

It is essential that the dye be stored in 
amber glass ampoules or air-tight con- 
tainers so that no oxidation or other chemi- 
cal changes may occur before the patient 
receives it. The authors have found that 
the most satisfactory method of admin- 
istering the dye is to dissolve it in a glass 
of water seasoned with a little fruit syrup. 


TECHNIC OF THE INTENSIFIED METHOD 


Using oral cholecystography as a means 
for investigating the emptying power of the 
gall bladder following the administration of 
cholegogues, we noted that in cases in 
which starvation was continued and the 
dye repeated the gall-bladder shadow was 
markedly intensified (1). We supple- 
mented these findings with certain research 
developments of Antonucci (2) and Sand- 
strom (3), the former having demonstrated 
that oral cholecystography may be acceler- 
ated by adding to the glucose reserve of the 
body, and the latter having found that 
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Fig. 1. 
16 hours after tetraiodo. 
nic). 


Case A. Oral cholecystography. Film taken 
A faint shadow (by old tech- 


giving the dye in fractional doses increased 
the shadow. The authors have devised 


the following new technic for what they 
claim is the “intensified method of oral 
cholecystography, the details of which fol- 


9? 


low. 

The afternoon preceding the Graham 
test the patient is given two or three cups 
of weak tea with as much sugar as possible, 
accompanied by one sweet cake. 

The tetraiodo (3.5 grams) is given di- 
rectly after the evening meal, at about 7 
p.M. No extra fats are ordered at this 
meal as they generally cause increased dis- 
comfort and are not necessary. 

Starvation is ordered for the following 
morning and its importance explained to 
the patient. Study of the gall bladder is 
undertaken sixteen hours after administra- 
tion of the dye, to estimate the mucosal 
function of concentration. With the new 
intensified technic there has been a tend- 
ency to drop the 12-hour examination as 
unnecessary or needless. Selected foods 
are then allowed which will not empty the 
gall bladder, extra sugar being one of the 
important items. Additional dye is given 
in small doses during the afternoon and 
evening, along with more sugar. An ex- 
amination of the gall bladder for maximum 


> 


Fig. 2. Case A. Forty hours after intensified 
technic. The advantages of the new method can 
be reacily appreciated. This is no longer a ‘faint 
shadow”’ case. 

concentration and intensity of the shadow 
is then made before breakfast the following 
morning, forty hours after the first dose of 
tetraiodo. Then a fatty meal is taken and 
an hour later study is made of the function 
of contractability as the viscus empties. 
Tumors and stones often come to light as 
the gall bladder empties. Sometimes the 
patient has to be kept under observation 
for a number of hours as emptying pro- 
gresses. 

This modified technic has certain defi- 
nite advantages to compensate for the 
additional time and limited intake—to 
which most gall-bladder patients do not 
object to anyway. There is Jess nausea 
and discomfort complained of by the pa- 
tient with this new method. 

There is far more uniformity to the nor- 
mal intense shadow obtained at the 40-hour 
observation, whereas many normal cases 
varied considerably in the shadow density 
at the 16-hour with the old technic. 

It is far easier to determine when a 
shadow is faint. The intensified method 
either gives a shadow or not, and the faint 
shadow is more rare than with the former 
technic (Figs. 1 and 2). 

Stones and tumors of the gall bladder 
are more easily recognized; faint shadows 
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Fig. 3. Case B. Sixteen hours after tetraiodo; 
film taken by old technic. 


of cholesterin stones are visualized more 
readily (Fig. 10). 

The bile ducts are clearly outlined in 
practically every case in which a normal 
gall-bladder shadow intensity is obtained. 

A gall bladder over the spine, which was 
formerly easy to miss and report as a ‘‘no 
shadow,” is now more easily detected. 

Fluoroscopy of the gall bladder is prac- 
tical on any case in which a gall-bladder 
shadow is obtained. 

There are certain roentgenographic im- 
provements which aid in obtaining these 
better roentgenograms. 

A fast Bucky is now used which permits 
exposures up to one-twentieth of a second. 
With such fast technic, fuzziness of the 
gall-bladder shadow due to motion is 
lessened, if not entirely overcome. The 
contrast obtainable is extreme and the 
visualization of small calculi is rendered 
more exact. 

Compression is an advantage when the 
patient will permit it. It is amazing how 
much difference in the quality of roentgeno- 
grams results when the patient is thor- 
oughly compressed and the abdominal 
organs are immobilized. 

We use a standard technic of 100 ma. 
and one-half second time, with less time in 


ORAL CHOLECYSTOGRAPHY 


665 


Fig. 4. Case B. Note increase in density in 
normally functioning gall bladder, with “intensified 
technic.” 


certain cases. A fine focus tube may be 
used at this milliamperage and the general 
quality of the work is excellent. The 
results obtained from a Graham test satis- 
factorily performed may be grouped in 
five main classes: 


(A) The gall bladder is visualized. 
(B) The gall bladder is faintly visual- 
ized. 


(C) The gall bladder fails properly to 
empty. 
(D) There is no distinguishable gall- 


bladder shadow. 
(EZ) Gallstones are present. 


With anv of these findings,- one may 
make certain mistakes of interpretation. 

(A) When a gall-bladder shadow is 
outlined with fair intensity, the inclination 
of the interpretor is to regard the viscus 
as normal in function and, therefore, not 
diseased. Such a statement may be in- 
correct, as patients recovering from a re- 
cent attack of acute cholecystitis have been 


repeatedly examined and an_ excellent 
shadow obtained. The organ recovers 


from an acute disease and the mucosal 

function is regained sufficiently to result 

in normal shadow concentration. 
Adhesions may result following an acute 
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Fig. 5. Case C. Film taken 40 hours after first 
dose of tetraiodo; intensified technic. Note that 
the beautiful gall-bladder outline is as dense as the 
barium-filled stomach. Good function. 


attack of cholecystitis, so that the viscus 
may be literally coated or sheathed in 
them. The Graham test may demonstrate 
a normal gall-bladder shadow of good in- 


tensity and not deformed. The fact that 
the viscus is held constantly in an unusual 
position, whether the patient is erect, su- 
pine, or prone, usually indicates adhesions, 
and fluoroscopy may aid in detecting les- 
sened mobility and tenderness. Further 
study of the gall bladder as it contracts 
down after an emptying meal may aid. 
In some cases we have resorted to pneu- 
moperitoneum to actually demonstrate 
the adhesional bands. 

The long pendulous gall bladder may 
appear deformed on some films or even 
maintain a fixed abnormality which dis- 
appears when the patient is examined in 
the erect position (Figs. 7 and 8). 

If the gall bladder functions normally so 
that a shadow is obtained of average in- 
tensity and the viscus contracts down well 
after a meal, any adhesions which are 
present are scars of previous disease and 
not necessarily causing the present com- 
plaints. We have heard one surgeon vol- 
unteer the statement that he has stopped 
operating on gall bladders with visible 
shadows on a Graham test because he has 


Fig. 6. Case C. New technic; film taken three 
hours after lunch. Note slow emptying, with detail 
of ducts. 


found by experience that, when he does, 
the patients return later on with no im- 
provement of symptoms. 

(B) Faint Shadow.—It is in the recogni- 
tion of this condition that the roentgeno- 
graphic diagnosis of cholecystitis is most 
often overlooked. 

The authors have frequently been asked, 
“Just what do you consider a_ faint 
shadow?” We have to confess that there 
is a certain human element involved that 
cannot be described with unfailing exacti- 
tude. One man may consider a shadow 
faint while another is satisfied that it is 
within normal limits. 

All this applies to the old technic. With 
the intensified method of cholecystography, 
one can be much more definite and immedi- 
ately recognize a shadow that is faint. 
It is learned by experience, however, and 
not by any shadow index. The pathology 
that gives a faint shadow finding is most 
often located in the mucosa, producing a 
lack of proper concentration. 

(C) Defective Emptying.—We believe, 
as many observers before us have reported, 
that when the gall bladder fails to com- 
pletely empty within three hours after a 
fatty meal, it is pathologic and that this 
lack of proper emptying is due to a lesion 
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Fig. 7. Case D. Note elongated gall bladder 
in erect position with intensified technic. 


involving the muscular coat. In our ex- 
perience there is only one non-pathologic 
condition which will produce delayed 
emptying and that is asthenia. These 
cases are rare, but occasionally individuals 


of this type will present themselves and 
their gall bladders will not completely 
empty for twenty-four hours and some- 
times longer. 


(D) No Shadow.—These findings are of 
increased importance when resulting at 
forty hours with this technic, and hardly 
need checking or further confirmation un- 
less there is reason to suspect error that 
can be corrected. 

There is a high average of obstructed 
cystic ducts as a cause for this finding of 
“no shadow” and many times calcified 
stones are distinguishable as direct proof 
of this etiology. The region of the lateral 
border of the spine should be carefully 
searched for the ring-like shadow of a gall- 
stone in the cystic duct in all “no shadow’”’ 
cases. 

One should always be certain before 
making his report that the gall bladder has 
not been removed by previous operative 
procedure. Also there should be a defi- 
nite, authorative statement as to the 
presence or absence of jaundice. Inquiry 
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Fig. 8. Case D. Note deformity of gall bladder 
produced by position. No adhesions. 


should be made as to whether the patient 
had diarrhea or vomiting following the 
dye and whether anything was eaten that 
should not have been. All these conditions 
tend to prevent satisfactory results from 
cholecystography. 

The “‘noshadow”’ finding makes it neces- 
sary to be certain that the technic is 
not faulty. Films of a Graham series 
without a perceptible shadow are the ones 
brought in most frequently from outside 
laboratories by anxious physicians who de- 
sire to know if the patient should be oper- 
ated upon. To judge such films, whether 
satisfactory or not, certain rules must be 
kept in mind: : 


(1) Is there dye present in the intes- 
tines and visible on the films so that we 
know that the patient received the test 
and that it was not lost by vomiting or 
diarrhea? 

(2) The lower edge of the liver shadow 
and the right kidney must be clearly out- 
lined as well as that of the psoas muscle. 
Status inversus must be excluded. 

(3) The bony trabecule of the ribs and 
spine must be sharply outlined. 

(4) The examination must include the 
pelvis if the patient is thin. If the re- 
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Fig.9. Case E. Note faint gall-bladder shadow, 
with constriction: large non-opaque stone in lower 
segment. Old technic. 


verse, the lateral chest and abdominal wall 
should be included so that the gall bladder 
is within the area examined. 

(5) Study of the spine must be made 


to be certain that the gall bladder is not 
hidden by the bony structure. 

(6) At least three satisfactory films 
must be available covering each examina- 
tion period. 


‘ 


In cases of duodenal ulcer, a ‘‘no 
shadow’”’ finding sometimes results. With 
this technic it is advisable to consider 
that two lesions are present, a duodenal 
ulcer and a diseased gall bladder. We 
have had numerous cases of duodenal ulcer 
with normal gall-bladder shadows. 

Renal tumors, when extensive, may give 
a ‘no shadow”’ finding and the gall blad- 
der be found apparently normal at opera- 
tion. 

Regardless of the cause of the jaundice, 
the oral Graham test fails to outline the 
gall bladder satisfactorily if the ichteric in- 
dex is over 30. This corresponds to an 
ichterus which is barely tinting the skin 
in a good light. Just why the bile is not 
opaque in the presence of jaundice is dif- 
ficult to understand. Investigations are 
now under way which attempt to supply 


Fig. 10. Case EE. Intensified technic; film 
taken 40 hours after first dose of tetraiodo. Note 
increased detail to constricted gall-bladder shadow, 
with stone. 


the deficiency in glycogen in the liver which 
is present in varying degrees in jaundice, 
by giving the patient increased quantities 
of sugar. In some cases we have been 
able to render the bile opaque, although 
the shadow obtained of the gall bladder 
was faint. 


(E) Gallstones.—Gallstones are of two 
types in their roentgenographic manifes- 
tations, calcified and non-calcified, or 
cholesterin, stones. 

If there is sufficient calcium content, 
the calculi are discernible without the 
Graham test; this is true in about one- 
third of the cases. There is quite a large 
group of patients with gallstones of such 
low calcium content that they are invisible 
except on roentgenograms of the highest 
technical quality. 

Non-calcified stones are preceptible only 
when a gall-bladder shadow is present. 
If the cystic duct is obstructed, the 
tetraiodo cannot enter the gall bladder and 
no shadow of the viscus will result. The 
gall bladder may be filled with cholesterin 
gallstones but they will be invisible as long 
as the gall bladder is not outlined with 
opaque bile. This is the confusing “no 
shadow”’ case without visualization of the 
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Fig. 11. Case F. Film taken at 16 hours old tech- 
nic. A faint shadow with indefinite mottling from 
multiple small calculi. 


gall bladder or stones; the clinical findings 
may be indefinite as well. It is this type 
of case which requires flawless, exacting 
attention to every detail of the roentgeno- 
graphic technic, or mistakes will surely 
be made. 

Small cholesterin stones and sometimes a 
large solitary calculus may give a confusing 
shadow, barely perceptible even on films 
of excellent technical quality, and difficult 
to differentiate from gas bubbles and in- 
testinal content. There are certain shad- 
ows from stomach and intestinal content 
which can be differentiated from gallstones 
only by repeated examinations or special 
maneuvers. A cleansing enema and an 
immediate re-examination, the drinking of 
half a glass of hot water, massage of the 
abdomen, or a short walk are measures 
which may solve the difficulty. Repeating 
the test is the final and most efficacious 
attempt toward success in the correct 
interpretation. A dozen pinhead-size cho- 
lesterin gallstones and even a single large 
stone or an adenoma or papilloma of the 
gall bladder may be overlooked unless the 
shadow intensity of the viscus is satisfac- 
tory. Unfortunately, the lesion may cause 
a faint shadow, with the result that the 
small stones are not detected. ‘This is 
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Fig. 12. Case F. Film taken at 40 hours intensi- 
fied technic. The pathology is clearly demonstrated 
due to the increased detail. 


another reason why the utmost shadow 
opacity of the gall bladder is desirable 
and why the intensified technic is more ef- 
ficient. The study of the emptying of the 
gall bladder usually aids in defining the 
lesion. 

Differentiation of extrinsic shadows 
likely to be mistaken for stones include 
the following: 

Gas in the Duodenum.—Bubbles of gas 
in the small intestines and pyloric region 
may directly overlie the gall bladder and 
cause confusing shadows easily mistaken 
for non-calcified stones. As a rule, shad- 
ows of gas bubbles shift in position on vari- 
ous films sufficiently so that their lack of 
the same shape, size, and constant position 
differentiate them. Taking a glass of 
hot water, several deep breaths, or a walk 
before another film may displace them. 
sas bubbles have a sharper margin and the 
blackness of the gas is greater than non- 
‘alcified stones, whose borders are less 
sharply defined and whose central portion 
is gray rather than black. Non-calcified 
stones may be single or multiple, and, if 
multiple, the edge of the shadow may tend 
to be facetted. When multiple, the shad. 
ows of the stones are generally much the 
same size and uniform in appearance, 
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Fig. 13. Case F. Note gall-bladder shadow in 
the presence of calcified gallstones. Old technic; 
film taken 16 hours after tetraiodo. 


whereas gas has bizarre shapes—no two 
alike. The film after the emptying meal 
forces the stones together and the general 
bunching of the stones within the gall- 
bladder shadow is quite characteristic. 
Study of the contracting gall bladder is 
prolonged in the intensified method and 
this is an added advantage of the new tech- 
nic. 

Calcified mesenteric glands have the 
following characteristics: The shadows are 
mottled like the mottled surface of a 
loganberry or raspberry; they may be a 
cluster of round dots. The calcified shadow 
is usually irregular, seldom faceted. 
Each mass of glands may make up one 
spherical whole. These glands are gen- 
erally multiple shadows but widely sepa- 
rated—too far to be within the gall blad- 
der. On various films the same gland 
may have widely different positions, indi- 
cating much greater range of motion than 
gallstones could have. This is especially 
marked if some films are taken with the 
patient standing or supine for comparison 
with the usual prone films. Occasionally 
typical calcified gland shadows prove to 
be stones in the cystic duct. 

Urinary calculi are often found on gall- 
bladder examinations and the character of 


Fig. 14. Case F. Note concentration of gall 
bladder even in the presence of numerous stones: 
cystic Cuct patent. This film was taken 40 hours 
after first dose of tetraiodo. New technic. 


the calcified shadow is characteristic. 
Branching, hornlike, half-moon-shaped re- 
nal calculi or casts of the renal pelvis are 
easy enough, but certain ureteral stones 
in the upper end of the right ureter may 
cast faceted shadows which are more 
difficult to differentiate. The lateral view 
is always an aid in further eliminating 
suspicious shadows, as it places the calci- 
fication within the gall-bladder area—well 
to the anterior. 

Visualization of Ducts—The cystic duct 
is most commonly visible but hepatic and 
commou ducts are distinguishable on some 
of the roentgenograms and any of the 
ducts may be demonstrated if one wishes 
to follow along for a sufficient time, pro- 
vided, of course, that the gall bladder has 
normal shadow intensity. The best time 
to outline the ducts is following the meal, 
as the gall bladder contracts down and 
empties. Heister’s valves are often strik- 
ingly shown. 

Following operative removal of the gall 
bladder the patient may have a return of 
symptoms, whereupon the doctor may refer 
him for a Graham, fearing that new stones 
have formed in the ducts. There is oc- 
casionally sufficient dilatation of the ducts 
by a stone to make it seem as though a new 
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small gall bladder has reformed. We had 
a case in which two small cholesterin stones 
were demonstrated within the dilated re- 
mains of a cystic duct after cholecystec- 
tomy. The opaque bile outline the two 
stones like the eyes of an owl. The case 
was operated upon and the findings were 
confirmed. 

Kirklin (4) was the first to recognize 
tumors of the gall bladder and to differen- 
tiate them from stones. He maintains, 
and we support his conclusions, that be- 
nign growths, especially papillomas, are 
more likely to be seen along the margin 
of the gall-bladder shadow or in the mid- 
section of the fundus—seldom in the lower 
portion. The shadow defect is usually 
round, small in size, and maintains the 
same relative position on all the roentgeno- 
grams. At times these defects may be 
multiple; if so, they are never aggregate 
but more likely discrete, in contradistinc- 
tion to gallstones. Many times these 
negative areas do not appear until the gall 
bladder has partially emptied. It is pos- 
sible that they really have very little 
clinical significance, as most cases giving 
a definite defect show an intense gall- 
bladder shadow. 

Adenomas give somewhat different find- 
ings from papillomas—the defect is nearly 
always at the tip of the fundus and is more 
likely to be slit-like in character rather 
than round. It varies in size but is per- 
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sistent in location. In adenomas the gall- 
bladder shadow is more likely to be some- 
what faint, showing more _ pathologic 
changes in the walls, and is more frequently 
found as the gall bladder empties. 


SUMMARY 


(1) A new oral method of intensified 
cholecystography is presented based on 
fractional doses over a longer period of 
time, a fast Bucky, and the administration 
of glucose before and during examination. 

(2) -Consideration is made of certain 
errors due to the patient, and the roentgen 
technic is recounted in detail. 

(3) Some easily misunderstood prob- 
lems in interpretation are considered, such 
as ‘faint’ and “‘no shadow’”’ cases. 

(4) A differential diagnosis has been 
compiled covering confusing intrinsic and 
extrinsic shadows, with remarks emphasiz- 
ing the characteristics brought out by 
Kirklin on papilloma and adenoma of the 
gall bladder. 
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THE VALUE OF ENCEPHALOGRAPHY AS A DIAGNOSTIC AND 
THERAPEUTIC AGENT 


By WALTER D. ABBOTT, M.D., F.A.C.S., Des Moines, Iowa 


a diagnostic and therapeutic agent has 

become more popular in the past few 
years. As in all new ventures in medicine 
and surgery, extravagant claims have been 
made for the relative merits for this addi- 
tion to our armamentarium. 

There is no question but that encepha- 
lography has been of distinct advan- 
tage in certain conditions and guilty of pro- 
viding misleading or worthless clues in pur- 
suing the cause of other disease entities: 
Thus, it is the purpose of this paper to pre- 
sent a critical review of a series of cases, 
taken in consecutive order, and to discuss 
the relative merits of encephalography in 
each individual instance. 

It seems unnecessary to repeat the his- 
tory of the development of this procedure, 
with its gradual evolution into the present 


T procedure of encephalography as 


technic, which is practically standardized. 
Thus, each type of disease condition in 
which the following cases have been applied 
will be briefly discussed. 

Brain Tumors.—There are certain in- 
stances in which the presence of an intra- 
cranial growth is suspected, with a 
paucity of localizing signs. No case of 
suspected brain tumor should be submitted 
to a mechanical means of diagnosis until 
every neurologic, opthalmologic, and roent- 
genographic clue has been carefully investi- 
gated. There are, however, instances in 
which further efforts are indicated so that 
a proper diagnosis and localization can be 
made. It has been emphasized repeatedly 
that encephalography is dangerous in the 
presence of increased intracranial pressure 
as evidenced by choked discs and a high 
spinal manometric reading. Thus, en- 


TABLE I 





Clinical 
Diagnosis 


j 
Roentgenograms | 
| 


Encephalographic | 
Studies 


Diagnostic Therapeutic Value 
| Value and Comments 








| 


. Tumor suspected; 
localized 


. Tumor suspected; 
localized 


3. Tumor suspected ; 


c 
. 


6 


7 


9 


10 


localized 


Tumor suspected ; 
localized 


Tumor suspected; 
localized 


Tumor suspected ; 
localized 


Tumor suspected ; 
localized 


. Tumor suspected ; 


localized 
Tumor suspected ; 
localized 


Tumor suspected; 
localized 


not | Negative 
not | Negative 


| 
not | Negative 


| 
not | Negative 
not | Negative 
not Negative 


not | Increased 
pressure 


Increased 
pressure 


Negative 


Increased 
| pressure 


| Tumor right parietal lobe | Positive 


Filling defect posterior | Misleading 
horn of right lateral | 
| ventricle | 

| 

| a 
Tumor right parietal lobe | Positive 


| 
| 


Tumor right temporal | Positive 
lobe | 


Filling defect right lat- | Misleading 
eral ventricle 

Tumor left parietal lobe Positive 

| 


intracranial | Tumor right temporal | Positive 
lobe | 


intracranial | Filling defect third and | None 
| right lateral ventricles 


Filling defect of third | Positive 
| ventricle 
| 


intracranial Tumor left frontal lobe Positive 
| 





| 
| 
| 








Inoperable glioma of 
right temporal lobe 


None. Exploration; no 
tumor found; autopsy, 
meningoependymitis 


Inoperable glioma (spon- 
gio-blastoma multi- 
forme) right parietal 
lobe 


Exploration. Aneurys- 
mal varix right tem- 
poral lobe 

Exploration; no tumor 

found 


Exploration; subcortical 
cyst 


Inoperable glioma (spon- 
gio-blastoma multi- 
ferme) right temporal 
lobe 


Ventriculography neces- 
sary. Third ventricle 
tumor 


Third ventricle tumor. 
Autopsy 


Exploration. Inoperable 
glioma left frontal and 
temporal lobes (spon- 
gio - blastoma unipo- 
lare) 
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cephalography is of value in cases of sus- 
pected tumor in which the signs of pressure 
are absent. It is necessary, however, at 
times to supplement ventriculography 
when the encephalographic findings are 
not conclusive, as stressed by Dandy and 
illustrated in three of the following cases. 

Adson presented an excellent evaluation 
of this procedure in 1931 and I am taking 
the liberty to borrow his means of critical 
analysis. 

The above ten cases had variable signs 
and points in each history which would 
lead to a suspicion of brain tumor. In no 
case was there presence of choked discs or 
an increase of spinal fluid pressure above 
20 cm. of water. Eight of the ten cases 
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were explored and in six the encephalo- 
grams were found to have been of definite 
localizing value. In two instances (Cases 
2 and 5) the localization was definitely 
misleading as no tumor was found. There 
was one instance (Case 8) in which the 
ventricles did not fill satisfactorily and 
subsequent ventriculography was neces- 
sary before a definite diagnosis could be 
made. The one death (Case 9) following 
encephalography was in a nine-year-old 
girl with a third ventricle tumor. The 


neurologic picture consisted of a child in 
coma who suffered from a bizarre type of 
convulsive seizures many times each day. 
Death occurred five days after encephalog- 
raphy and the tumor was found at autopsy. 


TABLE II 





Clinical 


Diagnosis Roentgenograms 


Encephalographic 
Studies 


Therapeutic Value 


Diagnostic 
and Comments 


Value 





. Suspected subdural | Negative 
hematoma following 
injury 

. Suspected subdural | Negative 
hematoma following 
injury 

. Suspected bilateral | Negative 
subdural hematomas 
following birth in- 
jury 

. Suspected bilateral | Negative 

subdural hematomas 

following birth in- 
jury 


Healed fracture, left tem- 


. Suspected subdural 
poral bone 


hematoma following 
injury 


Linear fracture, left fron- 


. Suspected hematoma 
tal bone 


following injury tal lobe 
Linear fracture, right 


- Suspected subdural r 
parietal bone 


hematoma following 
injury 


. Suspected Negative 


epilepsy 


traumatic 


. Post-traumatic head- | Negative 


ache 


Healed fracture, left | Moderate 


frontal lobe 


. Post-traumatic head- 


ache 


. Post-traumatic 
ache 


head- | Negative 


Healed fracture, right 


parietal lobe 


2. Post-traumatic 
ache tricles 
lobe 


Healed fracture, right 
frontal bone cal 


3. Post-traumatic head- 


ache 


. Post-traumatic head- Right 


Negative 
ache 








Filling defect over right 
parietal lobe clot 


Filling defect over left 
fronto-temporal lobes clot 


Marked cerebral atrophy 
with dilated ventricles 


Filling defect over both 
parietal lobes 


Filling defect left tem- 
poral lobe 


Normal encephalogram 


Normal encephalogram 


Normal encephalogram 


widening of 
cortical pathways over 
both frontal lobes 


Normal encephalogram 


Slight dilatation of ven- 
and compres- 
sion sulci right parietal 


Slight widening of corti- 
pathways 
both frontal lobes 


lateral 
partially filled; other- 
wise normal 


Positive Exploration; removal of 


Exploration; removal of 


Positive 


| No operation felt to be 
justified 


Positive 


Bilateral exploration 
with removal of clots 


Positive 


Exploration; clot re- 
mov 


Positive 


Positive Exploration; removal of 


Filling defect right parie- clo! 


No operation; 120 c.c. of 
cerebrospinal fluid re- 
placed with 110 c.c. 
air 


Positive 


Positive No surgical procedure 
felt to be justified 
None: 90 c.c. of cerebro- 


spinal fluid replaced 
with 85 c.c. air 


None 


None: 110 c.c. cerebro- 
spinal fluid replaced 
with 100 c.c. air 


Indeterminate 


None: 80 c.c. cerebro- 
spinal fluid replaced 
with 75 c.c. air 


None 





| 

None: 130 c.c. cerebro- 
spinal fluid replaced 
with 120 c.c. air 


Indeterminate; refused 


exploration 


None: 90 c.c. cerebro- 
spinal fluid replaced 
with 85 c.c. air 


Indeterminate 
over 











None: 75 c.c. cerebro- 
spinal fluid replaced 
with 70 c.c, air 


Indeterminate; refused 


ventriculogram 


ventricle 
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Thus, it is felt that occasionally, in a 
case of suspected brain tumor, encephalog- 
raphy is indicated when there are no 
demonstrable signs of a marked increase in 
intracranial pressure. However, the possi- 
bility of being misled in localization must 
be borne in mind and it is my opinion that 
ventriculography is of far more value in 
localizing cerebral neoplasms when clinical 
signs are insufficient. 

Traumatic Conditions—The _ ever-in- 
creasing frequency of puzzling complica- 
tions following head injuries may upon 
occasion warrant the use of encephalogra- 
phy for a means of diagnosis. In addition, 
a number of writers have reported bene- 
ficial results in unusually resistant cases 
of post-traumatic headaches. These grati- 
fying rewards are based upon the theory 
that insufflation of air will break up many 
fine adhesions which had interfered with 
the normal circulation of cerebro-spinal 
fluid. This has not occurred in my ex- 
perience, as will be shown in the following 
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cases. Many of these unfortunate suf- 
ferers are relieved only by generous com- 
pensation or through much reassurance 
over the course of many months. 

Encephalography was of distinct diag- 
nostic value in eight of the above cases and 
possibly of some value in four other cases. 
As a therapeutic agent directed toward re- 
lief of post-traumatic headaches, this pro- 
cedure was of no benefit It is important 
to state that in all of the above cases there 
was insufficient clinical evidence to warrant 
a diagnosis. 

Congenital Defects—Every clinician is 
confronted with the problem of the defec- 
tive child and its anxious parents. Pan- 
coast and Fay, and later, Crothers, Vogt, 
and Eley have discussed the value of pneu- 
moroentgenography in children with fixed 
lesions of the brain. If for no other reason, 
encephalography, or preferably ventricu- 
lography, should be instituted to prevent 
doting parents from wasting hard-earned 
money in a vain search for a cure of a hope- 

















TABLE III 
Clinical Encephalographic Diagnostic Therapeutic Value 
Diagnosis Roentgenograms Studies | Value and Comments 
1. Hydrocephalus Not taken Marked dilatation of Positive | None: 200 c.c. cerebro- 
ventricles and com- | spinal fluid replaced 
pression of both cere- with 190 c.c. air 
bral hemispheres | 
2. Indeterminate Negative Ventricles not visible Negative; ventriculogra- | None. Ventriculograms 
| phy supplemented indicated lesion of 
| third ventricle. Con- 
| genital defect of third 
} ventricle found at au- 
| topsy 
3. Indeterminate Negative Defect of third ventricle | Positive None. Corroborated at 
| | autopsy 
4. Indeterminate Negative Defect of fourth ventricle Positive Exploration. Anoma- 
| | lous vessels constrict- 
| ing fourth ventricle 
5. Hydrocephalus Negative Communicating hydro-| Indeterminate: refused None: 150 c.c. cerebro- 
cephalus; obstruction | exploration | spinal fluid replaced 
at chiasma! cistern | with 140 c.c. air 
TABLE IV 
Clinica! Encephalographic Diagnostic | Therapeutic Value 
Diagnosis Studies | Value | 


Roentgenograms 


1. Headaches followingen- Thin inner table 


left Wide cortical pathways | Positive 


and Comments 


Cerebrospinal fluid (120 


cephalitis 2 years pre- frontal bone and compression of | | ec.) replaced with 110 

viously both frontal lobes | | ce. air. Relief with 
dehydration diet 

2. Headaches, emotional | Negative Wide cortical pathways | Positive Cerebrospinal fluid (90 

instability following and compression of | c.c.) replaced with 80 

encephalitis 2 years both frontal lobes | ce, air, Relief with 
previously dehydration diet 


3. Headaches following en- Negative 
cephalitis 18 months | and 
previously 


Wide cortical pathways | Positive 
compression of 
both frontal lobes 


| Cerebrospinal fluid (85 
cc.) replaced with 80 
cc. ofair, Relief with 
dehydration diet 


' 
| 








lessly deficient child. Encephalography 
does not seem as valuable as ventriculogra- 
phy in some cases of hydrocephalus, and 
for this reason it is sometimes necessary to 
supplement the latter procedure when 
doubt exists as to the presence of an ob- 
struction in the ventricular circulation. 
It is highly possible that some of the fol- 
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Clinical | 
Diagnosis | Roentgenograms 
‘1. Epilepsy | Negative 
| 
2. Epilepsy | Negative 
| 
, 
3, Epilepsy | Negative 
4, Epilepsy | Negative 


. Epilepsy 


oa 


. Epilepsy 


7. Epilepsy 


a 


Epilepsy 


. Epilepsy 


10, 


Epilepsy 


11, Epilepsy 


12, Epilepsy 


Negative 


Negative 


Negative 


Negative 


Negative 


Negative 





| 
| 
| 


Negative 


Negative 





| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


TABLE V 
Encephalographic Diagnostic 
Studies Value 
Diffuse cerebral atrophy | Positive 
| 
| Communicating hydro- | Positive 
cephalus; block at | 
chiasma! cistern 
Normal encephalogram | Indeterminate 
Compression of right pa- | Misleading 
rietal lobe | 
Normal encephalogram Indeterminate 


| 
| 
| 
| 
| 
| 
| 
| 
| 
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lowing cases might receive benefit at a 
later date when our knowledge of newer 
surgical attacks upon the ventricles be- 
comes broader. 

Inflammatory Conditions——There have 
been occasional cases following in the 
wake of a severe encephalitis in which the 
symptoms were bizarre and the physical 








Moderately diffuse cere- 
bral atrophy 


Diffuse cerebral atrophy | 


Wide cortical pathways 


Moderate cerebral atro- 
phy 


Normal encephalogram 


Normal encephalogram 


Diffuse cerebral atrophy 


Positive 


Positive 


Positive 


Positive 


Indeterminate 


Indeterminate 


Positive 


| None: 


None: 


| None: 


Therapeutic Value 
and Comments 


180 c.c. cerebro- 
spinal fluid replaced 
with 165 cc. of air. 
Rapid mental deterio- 
ration 


Exploration. Adhesions 
around chiasmal cis- 
tern broken up. Con- 
vulsions definitely di- 
minished in severity 
and frequency 


100 c.c. of cere- 
brospinal fluid re- 
placed with 90 c.c. of 
air. No improvement 


| Exploration for tumor: 


none found. Meningo- 
encephalitis. Mode- 
rate improvement on 
dehydration diet 


100 c.c. cerebro- 
spinal fluid replaced 
with 95 cc. of air. 


Placed on dehydration 
diet. Unco-operative. 
No improvement 


None: 120 cc. of cere- 
brospinal fluid re- 
placed with 115 c.c. of 
air. Dehydration diet. 
Marked improvement 


180 c.c. of cere- 
brospinal fluid _re- 
placed with 175 c.c. of 
air. Rapid mental 
deterioration 
100 c¢.c. cerebro- 
spinal fluid replaced 
with 90 cc. of air 
Marked improvement 
with dehydration diet 


None: 


120 c.c. 
spinal fluid 
with 110 cc. of air. 
Moderate improve- 
ment on dehydration 
diet 


cerebro- 
replaced 


None: 


Indeterminate: 80 c.c. 
cerebrospinal fluid re- 
placed with 75 c.c. of 
air. Parents would 
not co-operate on diet 
No seizures in past 18 
months 


None: 80 cc 
spinal fluid replaced 
with 75 cc. air. No 
co-operation on diet 
Convulsions persist 


cerebro- 


None: 100 ¢.c. cerebro 
spinal fluid replaced 
with 95 cc. of air 


Rapid mental deterio- 
ration 
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findings were absent or out of proportion 
with the history. It is in these few in- 
stances that encephalography has been of 
value as a means of diagnosis which led to 
institution of treatment affording definite 
relief. 

Epilepsy.—Encephalography has been 
advocated as a diagnostic means in all 
cases of generalized convulsions. The sup- 
porters of the dehydration treatment feel 
that an encephalogram and measurement 
of cerebrospinal fluid content will regulate, 
to a relative degree, the amount of fluid 
restriction. 

It is obvious that any adult suddenly 
seized with convulsions in the absence of a 
demonstrable cause or previous epileptic 
history, should receive the benefit of 
encephalography as a means toward de- 
tection of organic pathology. 

There have been some reports that 
encephalography is of therapeutic value in 
the convulsive state, but it is questionable if 
this procedure is the sole therapeutic agent 
or if it is not an adjunct to other forms of 
therapy. Thus, it would be extremely 
difficult to evaluate the full benefit of 
encephalography unless a series of cases 
were kept under strict observation to rule 
out any additional form of treatment. In 
one of the following cases, the convulsions 
have ceased for eighteen months without 
further treatment purely because of unco- 
operative parents. This one case hardly 
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seems to justify a feeling of reliance upon 
encephalography as a sole therapeutic 
agent. 


SUMMARY 


Encephalography has been of value as a 
means of diagnosis in a large percentage of 
the above cases when clinical signs were too 
meager to clarify each situation. How- 
ever, as in all mechanical aids, too much 
reliance cannot be placed upon this pro- 
cedure. Asa therapeutic agent, encepha- 
lography has been of no value in my 
experience. 

To obtain the full benefit of encephalog- 
raphy, there must be a thorough basic 
understanding of the pathology of the 
cerebrum and knowledge of the physiologic 
anatomy of the cerebrospinal fluid circula- 
tion, coupled with close co-operation be- 
tween the neurologist, surgeon, and roent- 
genologist. 
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RENAL RICKETS' 


WITH REPORT OF A CASE 


By BERNARD H. NICHOLS, M.D., and E. LEE SHIFLETT, M.D., Cleveland Clinic, 
; Cleveland, Ohio 


==HE association of chronic kidney 

disease with renal insufficiency and 

delayed rickets in children and ado- 
lescents has been frequently stressed in the 
literature since Lucas, in 1883 (1), re- 
ported a number of cases of rickets asso- 
ciated with albuminuria. These occurred 
about puberty and he stated that the 
phenomena of late rickets and albumin- 
uria are too frequently connected to be 
matters of chance and suggested for the 
ailment the term “rickets of adolescence.”’ 
Fletcher’s report (2) of a case of infantil- 
ism in a boy, aged six years, associated 
with chronic kidney disease, has been 
cited repeatedly as being the first definite 
recognition of the etiologic connection 
between chronic kidney disease and renal 
rickets. Barber, in 1920 (3), compiled 
a series of ten cases of stunted develop- 
ment, renal insufficiency, and the late 
bone changes of a rachitic nature and 
contributed the term “renal dwarfism.” 
Thus were evolved the three terms used 
to describe the variable clinical mani- 
festations of maldevelopment due _ to 
renal insufficiency in early life, the par- 
ticular terms used depending on whether 
rickets, infantilism, or dwarfism is the 
predominant abnormality. The literature 
contains many case reports and the col- 
lected data have established renal rickets 
as a clinical entity. 

Etiology.—-A sufficient number of cases 
and enough clinical and pathologic data 
have been collected to establish the fact 
that this type of rickets is not the result 
of any one particular type of chronic 
kidney disease but may be associated 
with chronic interstitial nephritis, cystic 
kidneys, congenital or acquired obstruc- 
tion of the urinary tract, urinary tract 
infections and calculi, nephritis secondary 
to systemic or local infections which ter- 

1 Received for publication Oct. 17, 1984 





Fig. 1. Anteroposterior view of the legs shows 
marked bowing, with cupping of the diaphyses of 
the lower end of the tibi# and broadening of the 
upper end. : 


minate in chronic nephritis, or other 
lesions which produce renal insufficiency 
during the growth period. 

The mechanism by which the bony 
changes take place is not definitely under- 
stood and there are many controversial 
theories. Most of the theories are based 
on a disturbed calcium-phosphorus balance 
resulting from the inability of the kidneys 
to excrete endogenous phosphates. This 
presumably leads to an elevation of the 
blood phosphates and a lowered blood 
calcium. The lowered calcium and in- 
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creased phosphorus content may be rela- 
tive or absolute, or there may be a com- 
plete reversal of the usual ratio of calcium 


Pathology.—The outstanding pathologic 
finding is marked, and often results in 
practically complete destruction of the 


Fig. 2. Lateral view of the legs shows marked tibial bowing and rachitic 


changes about the epiphyses. 


and phosphorus. This abnormal calcium- 
phosphorus ratio seems to be entirely 
independent of the mineral and vitamin 
constituents of the diet, and hence renal 
rickets is not regarded primarily a food 
deficiency disease. Mitchell (4) reasons 
that since the kidneys are unable to 
excrete the endogenous phosphates, the 
blood phosphorus should be higher than 
that usually found, and hence the body 
must be eliminating these waste products 
in some way, presumably by the bowel. 
He believes that the increased level of 
phosphates in the intestines can interfere 
with the absorption of the calcium by the 
formation of insoluble calcium phosphates 
which are excreted in the feces. 


kidneys. Grossly, the kidneys are small, 
fibrotic, and contracted, and the histo- 
logic picture is one of advanced chronic 
interstitial nephritis. Associated patho- 
logic findings in these cases include ab- 
normal bone changes; renal and bladder 
calculi; hypertrophy of the heart, often 
associated with dilatation of the left 
ventricle, and sclerosis of the aorta and 
other large blood vessels. 

The gross deformities of bone are bowing, 
genu valgum, genu varus, widening of the 
diaphyses, thickening, displacement and 
partial epiphyseal separation, fractures, 
and malunion. The microscopic changes 
in the bones consist of irregularity of the 
epiphyseal lines with islands of osteoid 
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_ Fig. 3. Outward bowing of both femurs. The 
diaphysis is markedly trabeculated and shows de- 
creased calcium deposit. 


tissue, irregular calcification and broad 
zones of loose connective tissue in which 
islands of osteoid tissue are embedded 
between cartilage and bone. The large 
islands of cartilage are bordered by dense 
calcium deposits which give to the bones 
the honeycombed and woolly appearance 
seen on the roentgenogram. ‘The prolifer- 
ative cartilage is irregular and calci- 
fication is defective. Trabecule are thin 
and the osteoid borders are narrow. 
Loose fibrous tissue surrounds and _ lies 
between the trabeculae and islands of 
cartilage. The bone is soft and the 
cortex is thin. Hemorrhage may occur 
between the epiphyses and the diaphyses. 
There is a large increase in medullary fat. 

Symptoms.—Renal rickets usually ap- 
pears before the tenth year, and is most 
common in children under five years of 
age. The onset is usually insidious. In- 
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Fig. 4. Delayed appearance of carpal bones, 
and scanty calcium content. There is broadening 
of the diaphyses of the radii and absence of cal- 
cification in the lower end of the ulne. 


fantilism, dwarfism, or rickets may be 
the outstanding clinical picture and there 
are combinations and variables of these 
abnormal states. The symptoms are 
chiefly those of a chronic nephritis on 


which are superimposed rachitic changes 
and maldevelopment. The symptoms are 
variable and not all those characteristic 
of the disease are present in every case. 
Drowsiness, headaches, vomiting, anorexia, 
excessive thirst, polyuria, wasting, anemia, 
impaired renal function, retardation of 
growth and physical development, de- 
layed or absent development of the sec- 
ondary sexual characteristics, and rachitic 
deformities are the predominant signs 
and symptoms. In view of the renal 
damage, there is a surprisingly low inci- 
dence of cardiovascular signs and symp- 
toms. Hematuria, renal pain, dyspnea, 
palpitation, visionary changes, high blood 
pressure, and edema are by no means 
outstanding symptoms. 

The chief physical findings are genu 
valgum, parietal and occipital bossing, 
beading of the costochondral junctions, 
Harrison’s sulcus, flaring of the epiphyses, 
‘pigeon chest,” flat feet, bowing of the 
long bones, and occasionally deformities 
from malunited fractures and genu varus. 

The urea and non-protein nitrogen in 





680 


the blood are usually high. It is amazing 
that some of these children are able to 
carry on for years with a blood urea of 
100 mgm. per cent or more (5). The 
specific gravity of the urine is usually 
fixed at a low level. Albumin may or 
may not be present at single examinations, 
but repeated urinalyses will usually reveal 
albumin in variable amounts in one or 
more specimens. Bacteria and pus may 
or may not be present. Casts are not 
constantly found. The phenolsulphone- 
phthalein output is markedly decreased 
and urea clearance and other renal func- 
tional tests show marked impairment of 
function. 

There is usually an abnormal calcium- 
phosphorus ratio. A normal ratio at one 
examination does not exclude renal rickets. 
There is a tendency to true acidosis which 
some have considered a protective mech- 
anism against tetany. 

Roentgenographic Findings.—The roent- 
genographic appearance of the bones in 
renal rickets is not pathognomonic as is 


attested by the variety of descriptions and 


classifications found in the literature. 
The picture is more or less characteristic 
of infantile rickets, but Mitchell (4) has 
noted in renal rickets greater translucency 
and a more spongy appearance of the 
bones. The roentgenographic picture 
seems to depend upon the age of the pa- 
tient at the time of onset of the disease 
and the stage of the disease at the time 
of the examination. The roentgen changes 
are generalized diminution of lime salts, 
increased trabeculation, poorly calcified 
subperiosteal bone, osteoporosis, irregular 
and patchy ossification which gives a 
woolly appearance, irregularity and expan- 
sion of the epiphyses, bowing of the long 
bones, and partial epiphyseal separations 
and displacement. The most marked 
changes are usually observed in the region 
of the growth discs. Cupping is observed 
in some cases. Although a given picture 
may vary greatly from that usually ob- 
served in infantile rickets, the roentgeno- 
graphic appearance is not pathognomonic. 
The roentgenologist cannot make a posi- 
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tive diagnosis of renal rickets unless the 
roentgenographic findings are correlated 
with the clinical and laboratory data. 


CASE REPORT 


The patient, a little girl who was five 
years and eight months old when she was 
first examined at the Cleveland Clinic, 
had long-standing symptoms of renal in- 
sufficiency and rickets. She had had a 
local ear infection since she was a few 
weeks old, and nutrition had always been 
difficult as the result of the careless ad- 
ministration of concentrated hydrochloric 
acid when she was six days old. She had 
pneumonia at the age of one year from 
which she apparently had recovered satis- 
factorily. At the age of one year and 
eight months she had varicella, and at 
about the same time the parents had first 
noticed evidence of rickets. 

The exact onset of the kidney symptoms 
could not be determined, and it is im- 
possible to state whether she had true 
infantile rickets before the age of one 
year and eight months and later de- 
veloped renal insufficiency which kept 
up the rachitic condition or whether the 
kidney insufficiency developed first. The 
latter is more likely, for, in spite of the 
dietary problem, through forced feeding 
the patient had received a sufficient intake 
of food and antirachitic vitamin. She 
had never had convulsions and apparently 
there had been no uremic symptoms al- 
though her blood urea had been known 
to be greatly increased for two years before 
she was admitted to the Clinic. Although 
this patient may have had true infantile 
rickets, it is definitely established that the 
factor of renal insufficiency prevented 
healing on an adequate diet and adequate 
amounts of antirachitic Vitamin D. 

There was a secondary anemia. She 
displayed marked rachitic deformities and 
also deformity as a result of malunion. 
Roentgenographic examination showed 
defective calcification, poorly calcified 
periosteal bone, trabeculation, delayed 
appearance of carpal bones, and partial 
epiphyseal separation. In addition, there 





he 


tn 


Cb €D 


— Sea 








NICHOLS AND SHIFLETT: RENAL RICKETS 681 


was some cupping of the lower end of the 
tibie. (Figs. 1 to 4.) 

The marked renal insufficiency was 
indicated by polyuria, low specific gravity 
of the urine, the presence of albumin, the 
low phenolsulphonephthalein output, the 
low urea clearance, and the failure of 
the kidneys to excrete the dye when an 
attempt was made to get an intravenous 
urogram. The blood urea was high and 
the calcium-phosphorus ratio was nor- 
mal. Cardiac enlargement, increased 
blood pressure, and visionary changes 
were not present in this case. 
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INTERNATIONAL RECOMMENDATIONS 


1. The dangers of over-exposure to x- 
rays and radium can be avoided by the pro- 
vision of adequate protection and suitable 
working conditions. It is the duty of 
those in charge of x-ray and radium de- 
partments to ensure such conditions for 
their personnel. The known effects to be 
guarded against are: 

(a) Injuries to the superficial tissues; 

(b) Derangements of internal organs 

and changes in the blood. 

The evidence available at present ap- 
pears to suggest that under satisfactory 
working conditions a person in normal 
health can tolerate exposure to x-rays to 
an extent of about 0.2 international 
roentgen (r) per day. On the basis of 
continuous irradiation during a working 
day of seven hours, this figure corresponds 
to a dosage rate of 10~*r per second. The 
protective values given in these recommen- 
dations are generally in harmony with this 
figure under average conditions. No simi- 
lar tolerance dose is at present available 
in the case of radium gamma rays. 


I. WORKING HOURS, ETC. 


2. The following working hours, etc., 
are recommended for whole-time x-ray and 
radium workers: 


(a) Not more than seven working hours 
a day in temperate or cold climates. 
For workers in tropical climates, 
shorter hours may be desirable. 

(b) Not more than five working days a 
week; the off-days to be spent as 
much as possible out of doors. 

(c’ Not less than four weeks holiday a 
year, preferably consecutively. 

(dq) Whole-time workers in hospital x- 
ray and radium departments should 
not be called upon for other hospital 
service. 

(e) X-ray workers, and particularly 
radium workers, should be system- 
atically submitted, both on entry 
and subsequently at least twice a 
year, to expert medical, general, 
and blood examinations. These 
examinations will determine the 
acceptance, refusal for, limitation, 
or termination of such occupation. 


II. GENERAL X-RAY AND RADIUM RECOM- 
MENDATIONS 


3. X-ray departments should not be 
situated below ground floor level. 

4. All rooms, including dark rooms, 
should be provided with windows afford- 
ing good natural lighting and ready facili- 
ties for admitting sunshine and fresh air 
whenever possible. 

5. All rooms should be provided with 
adequate exhaust ventilation capable of 
renewing the air of the room not less than 
ten times an hour. Air inlets and outlets 
should be arranged to afford cross-wise 
ventilation of the room. 
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6. All rooms should preferably be deco- 
rated in light colors. 

7. A working temperature of about 
18°-22° C. (65°-72° F.) is desirable in x- 
ray rooms. 

8. X-ray rooms should be large enough 
to permit a convenient layout of the equip- 
ment. A minimum floor area of 250 sq. ft. 
(25 sq. meters) is recommended for x-ray 
rooms, and 100 sq. ft. (10 sq. meters) for 
dark rooms. Ceilings should be not less 
than 11 ft. (8.5 meters) high. 

9. High tension generators employing 
mechanical rectification should preferably 
be placed in a separate room from the x- 
ray tube. 


III. X-RAY PROTECTIVE RECOMMENDATIONS 


10. An x-ray operator should on no 
account expose himself to a direct beam of 
X-rays. 

11. An operator should place himself 
as remote as is practicable from the x-ray 
tube. It should be borne in mind that 
valve tubes are capable of producing x- 
rays. 

12. The x-ray tube should be self- 
protected or otherwise surrounded as com- 
pletely as possible with protective ma- 
terial of adequate lead equivalent. ' 

13. The following lead equivalents are 
recommended under average conditions: 


X-rays generated by Minimum equivalent 
peak voltages thickness of lead 
Not exceeding 75 K.V. 1 mm. 

100 5 
125 
150 
175 
200 
250 
300 
350 
400 
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(A). Diagnostic Work 


14. In the case of diagnostic work with 
other than completely protected tubes the 
operator should be afforded additional pro- 


1 The lead equivalent of a given thickness of protec- 
tive material is that thickness of lead which is equally 
opaque to x-rays, excited at some specified peak voltage. 


tection from stray radiation by a screen of a 
minimum lead equivalent of 1 millimeter. 

15. Screening examinations should be 
conducted as rapidly as possible with mini- 
mum intensities and apertures. Palpa- 
tion with the hand should be reduced to the 
minimum. 

16. The lead glass of fluorescent screens 
should have the protective values recom- 
mended in Paragraph 13. 

17. In the case of screening stands the 
fluorescent screen should, if necessary, be 
provided with a protective ‘“‘surround”’ so 
that adequate protection against direct 
radiation is afforded for all positions of the 
screen and diaphragm. 

18. Screening stands and _ couches 
should provide adequate arrangements for 
protecting the operator against scattered 
radiation from the patient. 

19. Protective gloves, which should be 
suitably lined with fabric or other ma- 
terial, should have a protective value not 
less than one-third millimeter lead through- 
out both back and front (including fingers 
and wrist). Protective aprons should have 
a minimum lead value of ().5 millimeter. 


(B). Treatment 

20. In the case of x-ray treatment the 
operator is best stationed completely out- 
side of the x-ray room behind a protective 
wall of a minimum lead equivalent of 2 
millimeters. This figure should be corre- 
spondingly increased if the protective 
value of the x-ray tube enclosure falls short 
of the values given in Paragraph 13. In 
such event the remaining walls, floor, and 
ceiling may also be required to provide 
supplementary protection for adjacent 
occupants to an extent depending on the 
circumstances. 

21. Inspection windows in screens and 
walls should have protective lead values 
equivalent to that of the surrounding 
screen or wall. 

22. In those cases in which an x-ray 
tube is continuously excited and treatment 
periods are regulated by means of a shut- 
ter, some form of remote control should be 
provided for the shutter to ensure that the 
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operator is not exposed to direct radiation 
while manipulating the shutter or filter. 

Efficient safeguards should be adopted to 
avoid the omission of a metal filter in x- 
ray treatment. To this end, some means 
of continuously measuring the emergent 
radiation is recommended. 


IV. ELECTRICAL PRECAUTIONS IN X-RAY 
ROOMS 


23. The floor covering of the x-ray room 
should be of insulating material such as 
wood, rubber, or linoleum. 

24. Where permanent overhead con- 
ductors are employed they should be not 
less than 9 ft. (3 meters) from the floor, and 
should consist of stout metal tubing or 
other coronaless type of conductor. The 
associated connecting leads should be of 
coronaless wire kept taut by suitable 
rheophores. 

25. Wherever possible earthed guards 
or earthed sheaths should be provided to 
shield the more adjacent parts of the high 


tension system. Unshielded leads to the 
x-ray tube should be in positions as remote 
as possible from the operator and the 


patient. The use of “shock-proof” x-ray 
equipment in which the high tension cir- 
cuit is completely enclosed in earthed con- 
ductors is recommended. In all cases, 
however, indiscriminate handling of x-ray 
tubes during operation should be forbidden. 
Unless there are reasons to the contrary, 
metal parts of the apparatus and room 
should be efficiently earthed. 

26. Main and supply switches should 
be very accessible and distinctly indicated. 
They should not be in the proximity of the 
high tension system, nor should it be 
possible for them to close accidentally. 
The use of quick-acting, double-pole cir- 
cuit breakers is recommended. Over-pow- 
ered fuses should not be used. If more 
than one apparatus is operated from a 
common generator, suitable high tension 
multi-way switches should be provided. 
In the case of some of the constant-poten- 
tial generators, a residual charge is held 
by the condensers after shutting down and 
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a suitable discharging device should there- 
fore be fitted. Illuminated warning de- 
vices which operate when the equipment is 
“alive” serve a useful purpose. The staff 
should be trained in the use of first-aid 
instructions dealing with electrical shock. 
If foot switches are used, they should be 
connected in series with an ordinary switch 
and should be so designed that they can- 
not be locked to keep the circuit ‘‘alive,”’ 
and are not capable of being closed acci- 
dentally. 

27. Some suitable form of kilovolt- 
meter should be provided to afford a 
measure of the voltage operating the x-ray 
tube. 

28. Low flash-point anesthetics should 
never be used in conjunction with x-rays. 


Vv. FILM STORAGE PRECAUTIONS 


29. The use of non-inflammable x-ray 
films is strongly recommended. In the 
case of inflammable films, suitable pre- 
cautions should be taken as regards their 
use and storage. Large stocks should be 
kept in isolated stores, preferably in a 
separate building or on the roof. 


VI. RADIUM PROTECTIVE 
RECOMMENDATIONS 


(A). Radium Salts 


30. Protection for radium workers is 
required from the effects of: 


(a) Beta rays upon the hands; 

(6) Gamma rays upon the internal or- 
gans, vascular, and reproductive 
systems. 

31. In order to protect the hands from 
beta rays, reliance should be placed, in the 
first place, on distance. The radium 
should be manipulated with long-handled 
forceps, and should be carried from place 
to place in long-handled boxes, lined on 
all sides with at least 1 cm. of lead. All 
manipulations should be carried out as 
rapidly as possible. 

32. Radium, when not in use, should 
be stored in a safe as distant as possible 
from the personnel. It is recommended 
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that the safe should be provided with a 
number of separate drawers individually 
protected. The amount of protection 
should correspond to the values given in 
the following table; these values which 
are based on working conditions where 
there is proximity to radium may be re- 
duced for larger working distances. 


Maximum quantity Thickness of 


of radium element lead 
gm. cm. 


0.05 5 
0.2 8.5 

0.5 10 

1.0 11.5 

2.0 13 

5.0 15 

10.0 17 

33. A separate room should be pro- 
vided for the “‘make-up”’ of screened tubes 
and applicators, and should only be occu- 
pied during such work. 

34. In order to protect the body from 
the penetrating gamma rays during the 
handling of radium, a screen of not less 
than 2.5 cm. of lead should be used, and 
proximity to the radium should only occur 
during actual work and for as short a time 
as possible. 

35. The measurement room should be 
a separate one and it should preferably con- 
tain the radium only during its actual 
measurement. 

36. Nurses and attendants should not 
remain in the same room with patients 
who are undergoing radium treatment with 
quantities exceeding 0.5 gm. 

37. All unskilled work or work which 
can be learned in a short period of time 
should preferably be carried out by tem- 
porary -vorkers, who should be engaged on 
such work for periods not exceeding six 
months. This applies especially to nurses 
and those engaged in ‘‘making-up” ap- 
plicators. 

38. Discretion should be exercised in 
transmitting radium salts by post. In the 
case of small quantities it is recommended 
that the container should be lined through- 
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out with lead not less than 3 mm. thick. 
It is more satisfactory to transport large 
quantities by hand in a suitably designed 
carrying case. 


(B). Radon 


39. In the manipulation of radon, pro- 
tection against the beta and gamma rays 
has likewise to be provided, and automatic 
or remote controls are desirable. 

40. The handling of radon should be 
carried out, as far as possible, during its 
relatively inactive state. 

41. Precautions should be taken against 
excessive gas pressures in radon plants. 
The escape of radon should be very care- 
fully guarded against, and the room in 
which it is prepared should be provided 
with an exhaust fan controlled from the 
outside of the room. 

42. Where radon is likely to come in 
direct contact with the fingers, thin rubber 
gloves should be worn to avoid contamina- 
tion of the hands with active deposit. 
Otherwise, the protective measures recom- 
mended for radium salts should be carried 
out. 

43. 


The pumping room should prefer- 
ably be contained in a separate building. 
The room should be provided with a con- 
necting tube from the special room in which 


the radium is stored in solution. The 
radium in solution should be _ heavily 
screened to protect people working in adja- 
cent rooms. This is preferably done by 
placing the radium solution in a lead-lined 
box, the thickness of lead recommended be- 
ing according to the table in Paragraph 32. 


(C). 

44. It should be especially pointed out 

that the use of large quantities of radium 

in tele-curie-therapy may involve the risk 

of considerable dangers to the operators 
unless proper precautions are taken.° 


Tele-curte-therapy 


2 The Commission welcomes information from those 
having special experience in this branch of radium 
treatment. 











A ROENTGENOLOGIST'S VIEW OF THE MINIMAL TUBERCULOUS 





LESION 


By C. C. BIRKELO, M.D., Roentgenologist at Herman Kiefer Hospital and Maybury Sani- 
torium, Detroit, Michigan 


monary tuberculous lesion outlined 

by the National Tuberculosis As- 
sociation, is that lesion which would occupy 
an apical area and a first interspace on one 
side, as its maximum limitations, without 
excavation. 

The area of lung involvement may 
naturally be much smaller, or it may con- 
sist of several small areas of tuberculous 
infiltration, whose total space would no 
more than fill the above-mentioned maxi- 
mum space. This classification does not 
include the childhood type of tuberculous 
infection, which may or may not show a 
parenchymal involvement, as well as lymph 
node enlargement or calcification. The 
supposition is that the process is active 
but definitely confined to the above- 
mentioned small space. Cavitations are 
not allowed in this classification, so that it 
becomes evident that few minimal lesions 
show any positive sputum. Most of them 
are exposure cases and the majority give 
very few, if any, symptoms, and would 
likely pass unnoticed if it were not for 
the x-ray examination. For this reason, 
the roentgenologist carries a great re- 
sponsibility toward this type of lesion. 
He must know the physiology and anatomy 
and all variations within normal limits, as 
well as the common and rare pathologic 
lesions likely to occur in the lungs. 

It is clearly evident that the earlier 
a tuberculous lesion can be definitely di- 
agnosed, the better the chance for a more 
permanent repair. Complete eradication 
of the disease is not within our vision as 
yet, but how close we come to such an ideal 
will depend on how well we succeed in 
recognizing the first signs of pulmonary 
tuberculous disease or the minimal lesion. 

Our x-ray department at Herman Kiefer 
Hospital has for many years served as a 
clearing house for all cases of discovered or 


T = definition of the minimal pul- 


suspected pulmonary tuberculosis in our 
metropolis. In the past four to six years, 
the volume of chest x-ray examinations has 
grown to tremendous numbers. In 1929 
we made 14,216 examinations and in 1933 
we made 22,133. It is our duty to find 
the earliest forms of the disease, as well 
as those cases with advanced lesions, and 
also to eliminate those cases that do not 
have the disease. 

The most common non-tuberculous 
lesions which we encounter in this survey 
are bronchiectasis, bronchopneumonia, 
pneumoconiosis, mitral stenosis, and malig- 
nancy of the lung. All of these lesions 
have rather definite x-ray findings, so that 
they are usually identified at once and 
tuberculosis definitely ruled out. Just as 
surely as these above-mentioned non- 
tuberculous diseases have definite x-ray 
characteristics, so does also the tuberculous 
lesion have definite x-ray findings. I 
could easily assemble many cases of 
tuberculous and non-tuberculous lesions 
which look very much alike, and yet, the 
distinguishing features or signs are there, 
if properly interpreted, and it is up to us as 
roentgenologists to see them and know 
them. I know of no better way to ac- 
complish this knowledge than the actual 
experience gained from seeing pulmonary 
tuberculosis in all its varied forms. 

Let us first consider an orderly method 
to attack the problem of diagnosis of the 
minimal lesion. There are two main types 
of minimal lesions, namely, the exudative 
and the productive, and these two types 
are almost as distinctly differentiated 
from a roentgenogram properly made as 
they are differentiated in the gross post- 
mortem examination. I have often been 
impressed with the similarity of a well- 
made roentgenogram of the chest and a 
cross-section of the lung at the postmortem 
table. Nearly everything the pathologist 
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Fig. 1. A 27-year-old white woman, with no 
history of exposure. Minimal productive lesion 
at first interspace on the right. 


can produce in the line of disease or abnor- 
mality has a definite density representation 
in the film. It is there, whether we see 
it or not. In some aspects, a roentgeno- 
gram surpasses the gross postmortem ex- 
amination, in the fact that the air chambers 
and bronchioles are shown during their 
physiologic function and the air-filled 
spaces produce contrast for the pathologic 
conditions which may exist, whereas at 
the postmortem, all tissues of the lung 
are more or less sunken and collapsed 
and the process of decay already at work. 
In short, any alteration in the normal phys- 
iology of the lung will, in most instances, 
produce rather definite x-ray changes 
which we learn to recognize and identify. 
We have but to remember our knowledge 
of ten years ago—how hopelessly we then 
fumbled about for the proper classification 
of the things we saw-—and how confident 
we feel to-day in naming the same lesions. 
I do not wish to infer that our knowledge 
of pathology was so much at fault at that 


Fig. 2. Same case as in Figure 1, one year later. 
Lesion healed with fibrosis following phrenic 
operation. 


time, but our comparisons with post- 
mortem findings and the much improved 
technic of producing suitable roentgeno- 
grams are together responsible for the 
rapid strides made. So that, at the present 
time, we roentgenologists will probably 
have no more arguments in identifying 
lesions than do the pathologists. The 
matter of judgment based on experience 
will always enter in, regardless of how 
mathematically correct densities of dif- 
ferent pathologic conditions may be re- 
corded in our roentgenograms. 

The exudative lesion is one with con- 
siderable perifocal inflammation. It is the 
acute form of tuberculosis and consists of 
small bronchopneumonic patches. The 
size and contour of the various patches 
rary considerably: some are circular and 
well defined; others are poorly defined and 
show a very ragged outline, but they all 
show that soft density of consolidation. 
When clearing and absorption take place, 
the perifocal exudate absorbs quickly 
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Fig 3. A 23-year-old white girl, with a definite 
history of exposure. Minimal mixed lesion in left 
infraclavicular region. 


and the actual size of the tuberculous 
lesion may then be found to be much smal- 
ler than was originally imagined. 

This type of lesion is very dangerous 
and it may extend rapidly and pass from 
a minimal lesion to a far advanced process 
if it is not put under control. In other 
words, as soon as the lesion is identified, 
all our forces of combat should be properly 
marshalled and a suitable method of at- 
tack selected and immediately applied. 
Careless waiting and inaction can result 
only in disaster, both to the patient and 
to the reputation of the roentgenologist. 
This type of lesion has often been com- 
pared with pneumonia in acuteness and 
rapidity of its attack and extension. It 
is indeed acute, but it does not resemble 
pneumonia in the time involved in pro- 
ducing appreciable consolidation, or in any 
other way. We have here records of all 
varieties of lesions: those which rapidly 
increased or spread as well as those which 
rapidly improved. The reason we find 
what appears to be acute pneumonic types 


Fig. 4. Same case as in Figure 3, one year later. 
Lesion completely absorbed following hospitaliza- 
tion. 


of tuberculosis is, in most instances, be- 
cause an early study has been neglected 
and undertaken only when the patient is 
incapacitated. 

In the past three years we have ex- 
amined roentgenograms of 13,000 school 
children, finding among them several cases 
of well-developed minimal and moderately 
advanced tuberculous lesions, often highly 
exudative in type, but in no one instance 
have we encountered extensive or massive 
consolidations, commonly called fulmi- 
nating types of tuberculous lesions. If 
any tuberculous lesion, regardless of its 
type, comes on with the suddenness of 
pneumonia, I have never seen it, and I 
feel that statements to the contrary are 
exaggerations of actual facts. That it 
may develop rapidly and show extensive 
spread in a few weeks or a few months, 
is both true and a common experience 
here. It is in this exudative type in which 
such changes do occur. 

The second class of lesion is the pro- 
ductive type. As its name implies, this is 
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A 13-year-old colored girl, with calcifica- 


Fig. 5. 
Exudative infiltrations in the 


tions on both sides. 
left apical region. 


the lesion which shows very little perifocal 
inflammation, but does show some fibrosis 
or scar formation. This is the lesion 
which forms the basis for the former 
opinion that tuberculous lesions are tre- 
mendously slow, both in their spread and 
progress, as well as in clearing or healing. 
This type of lesion usually leaves some 
scar by which we may later identify a 
previous lesion. It also is the cause of the 
earlier opinion that, once a tuberculous 
lesion has existed, some identifying scar 
or mark will result and always remain. 
Now we feel that we can as truthfully 
state that an exudative lesion in the adult 
will often clear as completely as a chronic 
fibrotic type will leave a scar (Figs. 1 and 
2, 3 and 4). 

Then, when this type of lesion is en- 
countered, we know that the condition is 
not so acute and that we have more time 
on our hands for deliberation. One thing 
is certain, that both types of lesions are 
capable of great damage or extension, 
with bad results if neglected or unrecog- 
nized, and, with neglect, a chronic pro- 


MINIMAL TUBERCULOUS LESION 


Fig. 6. Same case as in Figure 5, seven months 
later, showing extensive involvement in the upper 
third of the left lung, with excavations and positive 
sputum. 


ductive lesion may easily become both 


acute and exudative. The important 
problem still remains in the early recog- 
nition of the minimal lesion. 

It should be of interest at this time to 
show how much, if any, improvement we 
are making in our attempt at an early 
diagnosis. Table I shows the classification 
of cases entered at Herman Kiefer Hos- 
pital in the various years. 


TABLE I 


Moderately 
advanced 


Far 
advanced 
75.5% 
75.5% 
61.6% 
15.4% 56.0% 
15.4% 52.1% 

This shows a slow but gradual increase 
in the number of minimal cases entered 
at the expense of the other classifications, 
particularly the far advanced. It is very 
encouraging and probably universally true, 
especially in this country, that a slow but 
gradual improvement is under way, and 
it need not be doubted that these results 
are obtained only by constant and un- 


Minimal 
10.1% 


10.0% 
13.3% 


1921 
1926 
1931 
1932 
1933 
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Fig. 7. A 6-year-old white boy, with history of 
exposure. Note small circular infiltration at left 
base with small central calcification. 


tiring efforts of the medical profession in 
educating the public in the need of early 
diagnosis. 

During the period from 1930 to 1934, 
we examined a number of cases of exposure 
and positive tuberculin reactors (Table 
II), in the Out-patient Clinic of this 
hospital, finding the number of tuberculous 
cases indicated and the number and per- 
centage of minimal lesions, as shown. 


TABLE II 
No. of cases 
examined Minimal Percentage 
1930 17,327 301 15.2% 
1931 16,492 406 20.8% 
1932 13,084 290 17.8% 
1933 16,542 300 19.2% 


From these figures we may reasonably 
assume that the percentage of minimal 
cases found is slowly but surely increasing 
and mostly at the expense of the far ad- 
vaneed cases, which dropped from 55.3 
to 48.8 per cent in the same time period. 

To determine the location of minimal 
lesicis in the lung, 300 cases were reviewed 
and all but 5 per cent were found in the 


Fig. 8. Same case as in Figure 7, three years 


later. Calcification process at left base is complete. 


upper third of either lung, with very 
nearly equal frequency on the right and 
left sides. Supraclavicular lesions were 
not uncommon but more often combined 
with first interspace lesions. It is gen- 
erally recognized that supraclavicular le- 
sions are less likely to extend downward 
and spread than are other lesions, like the 
infraclavicular type. I should like to add 
that this is true in the productive type of 
lesion and not in the exudative type, as 
I have quite a number of cases on record 
showing a definite downward spread from 
a purely supraclavicular lesion (Figs. 5 
and 6). 

Mid-lung lesions and also basal lesions 
are rare in the minimal class and usually 
found in reinfection or extensions from the 
childhood type of disease. The safest state- 
ment to make is perhaps this, that middle 
and basal lung lesions usually represent 
extensions from above and are often more 
advanced tuberculous lesions. 

I have often been asked at what age 
period the greatest number of minimal le- 
sions occur. Our statistics on this point 
differ from year to year and this question, 
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Fig. 9. A 15-year-old white school girl, with no 
history of exposure. Left apical, circular, exuda- 
tive lesion, showing the beginning of excavation. 


as well as the question of acuteness of the 
disease, can best be answered in this way: 
the minimal lesion may occur at any age 
and its acuteness undoubtedly depends on 
the dosage of the tubercle bacilli received. 
One of the most acute cases I have ever 
observed was in an employee who had 
worked here for twenty or more years and 
was about 55 or 60 years old at the time. 
He became acutely ill and the first x-ray 
examination showed no disease, while in 
a matter of two or three weeks he had an 
extensive miliary infiltration of both lungs. 
The dosage of bacilli which found its way 
into his blood stream had undoubtedly 
been great, and surmounted all his powers 


of resistance. The toleration dose for 
any individual may, and undoubtedly 


does, change from time to time, inasmuch 
as we have many cases of exposure that 
are free from disease at the first examina- 
tion, yet at a second and third examina- 
tion show definite evidence of either 
active or healed lesions. They were un- 
doubtedly as much exposed at the first 
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Fig. 10. Same case as in Figure 9, about a month 


later. 
larger. 


Lesion is the same in size but the cavity is 


examination as they were later, when they 
knew about the source of infection, and 
yet, a period came when the resistance was 
sufficiently low for the disease to gain a 
foothold. 

I also call to mind a far advanced case 
discovered after about a third of a lung 
had excavated. This patient’s brother 
had occupied the same bed with him from 
childhood and yet had no tuberculosis or 
signs of any former infection, such as a 
calcification, after a two-year period of 
repeated examinations. The brother, who 
is free from tuberculosis, has always been 
vigorous and in excellent health, whereas 
the one with the far advanced lesion has 
never been strong. His source of exposure, 
as far as we could learn, was a fellow- 
workman with whom he was friendly, 
but they were not sufficiently friendly to 
visit each other after working hours. The 
other eight members of this family are 
also in good health and have not shown any 
signs of active or healed tuberculosis in 
the two-year period under observation. 
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In this family there must have been a 
continuous and generous dosage of infec- 
tion for every member, in the year and a 
half during which the tuberculous brother 
must have had the infection, because when 
I first examined him he coughed consider- 
ably and raised generously and the material 
was loaded with bacilli in each specimen 
examined. 

From many such experiences, it is 
reasonable to conclude that what is a 
safe dose to-day may not be safe to-mor- 
row. We are all shocked at the tremen- 
dous ravages made by tuberculosis among 
the colored people, but there is a valid ex- 
planation for this in the fact that their 
living conditions are nearly always the 
worst in any city. Their daily dosage of 
tubercle bacilli is probably over and be- 
yond our imagination. 

Some years ago, I participated in a 
campaign against smallpox in the course 
of which a house-to-house canvass was 
made through the colored districts, to 
locate those unprotected individuals. It 
was found that several families not only 
occupied the same house, but slept in re- 
lays in the same bed, so that three families 
would sleep eight hours each in it. Now, 
then, is it past our imagination to under- 
stand why these people get an over-ex- 
posure or an over-dose of tuberculosis, if 
some one member of any of these families 
has an active excavating tuberculous lung 
involvement? 

It has never been proven to my satis- 
faction that any one family, group, or 
race has any more resistance toward 
tuberculosis than any other. I think it 
has been pretty well shown that children 
of tuberculous parents do not suffer any 
more frequently from tuberculosis than 
do others, after they have once been re- 
moved from their source of infection. 

This brings up the questions, When are 
sources of infection removed from a 
person’s own system, once tuberculosis has 
been there? What can we tell with our x- 
ray examination or any other means at 
our disposal about the completeness of 
any healing process? 
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There are several ways in which a pul- 
monary tuberculous lesion may heal: by 
calcification, by formation of fibrosis or 
sear tissue, or by complete absorption of 
the entire lesion. Calcification is cer- 
tainly confined to the first two decades of 
life and it is indeed very rarely found in 
the adult. During these past years of see- 
ing a tremendous number of tuberculous 
lesions and re-examinations at regular inter- 
vals, I recall only three cases in which heal- 
ing by calcification occurred in the adult. 
Two of these patients were in their 
twenties and one was over thirty years 
old. All of them showed extensive blood- 
borne seedings in both lungs which healed 
by calcification in about a year or so. So, 
then, we can safely state that this type of 
repair or healing belongs in the early years 
of life, just as the calcifying process which 
goes on in epiphyseal cartilage, and again 
directly opposite to the age period when 
the costal cartilage calcifies. Why this 
process of repair is confined to this age 
period is not known, and it bears no direct 
relation to any diet or other physiologic 
factors so far discovered. Calcifications 
are both common and extensive in the 
colored people, but apparently no more so 
than in the whites, given equally extensive 
lesions. There has been much controversy 
about the safety of a calcified area as re- 
gards a possible source of re-infection. 

We have often observed very small and 
early deposits of calcium form about a 
small lesion and also in the center of a 
lesion, and, as time passes, the entire 
lesion becomes calcified. Later some ab- 
sorption takes place, leaving a small solid 
mass of bony density (Figs. 7 and 8). 
Before this process is complete, it is 
naturally a source of possible re-infection. 
We also know that tubercle bacilli may be 
found in calcifications five or ten years 
following the first calcium deposit. The 
general rule which we have adopted of re- 
garding a calcified lesion as safe, when the 
patient is past twenty years, works out 
very well, and I know of no instance in 
which such a re-infection has actually oc- 
curred, after this period of life. On the 
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other hand, I remember distinctly the 
cases of two girls who had formed ex- 
tensive calcifications of bilateral extensive 
tuberculous lesions, and both came down 
with generalized blood-borne re-infection 
and passed out, in spite of all attempts at 
treatment. This disaster occurred at the 
puberty period in both instances, and the 
change in physiology occasioned at this 
period had probably a good deal to do 
both with the re-infection and the end- 
result. Here the calcifying processes could 
not have been complete, although they ap- 
peared very dense. 

The great majority of our minimal le- 
sions heal with fibrosis. The fibrous scar 
may or may not absorb quite completely, 
depending on its density and size. From 
the density and appearance of the fibrosis, 
it is quite possible to judge with a fair de- 
gree of accuracy as to the possible activity 
of a given lesion, and such an opinion, 
when found to be accurate, is indeed a 
great help in regulating the treatment to 
be given. It is this ability to judge a le- 
sion from its appearance which makes it 
possible to empty hospital beds and make 
room for other patients in greater need of 
hospital care. We have long ago given up 
the idea of letting rest in bed be the proper 
treatment and I think our results will 
prove the correctness of this view. 

At a regular conference, each case hos- 
pitalized is brought up for disposition as 
well as classification and the treatment de- 
cided upon is the one which will yield 
the quickest result. I have charted the 
minimal cases in the Herman Kiefer Hos- 
pital for the past five years and the dia- 
gram speaks for itself. Unless their home 
conditions were exceptionally good, all 
cases that were sent away from the hos- 
pital went to convalescent homes for 
longer rest periods. The active treatment 
decided upon was given here and it must 
have been sufficient, because we have very 
few of these cases that have come back to 
us later with more tuberculosis. 


TABLE III.—MINIMAL CASES AT HERMAN 
KIEFER HOSPITAL 


Average 
no, 
No. days 
cases Average in Im- Ar- Unim- 


Year entered age hospital proved rested proved 


1929 27 32.5 75 22 0 5 
1930 131 30 103 96 17 18 
1931 172 25.5 89 126 15 31 
1932 158 27.5 105 118 18 22 
1933 166 28 95 121 24 21 


The lesions which disappear entirely 
are usually of the exudative type. These 
are the most dangerous and should re- 
ceive some active treatment, such as a 
phrenic operation, and I feel free to state 
that the future will demand at least that 
much assistance be given each patient with 
such a lesion, no matter how small. 

The size of the lesion should really have 
no weight in making a diagnosis of tubercu- 
losis. I have watched very minute lesions 
in the parenchyma heal with fibrosis and 
calcification, proving my original diag- 
nosis. I feel a great deal like the bacteri- 
ologist who has learned to identify his 
bacteria from colony characteristics. We 
have such colony characteristics of the 
tubercle bacillus in the lung, and we should 
be able to recognize them regardless of 
size (Figs. 9 and 10). I am not presenting 
this as something new, because I am sure 
the majority of roentgenologists are con- 
versant with all that I have suggested, but 
these days we have such a variety of special- 
ists, each holding up a roentgenogram, each 
one feeling fully competent of pointing 
out all that is there—and are they? Not 
so long ago, a physician practising another 
specialty was showing a beautiful series 
of bronchiectasis with lipiodol injection, 
and casually made the statement that the 
x-ray films made without lipiodol showed 
just nothing. As a matter of fact, nearly 
all of these films showed evidence of 
bronchiectasis and had been so interpreted. 

It is such statements as these, carelessly 
made, which we have to disprove and live 
down. We see so much at present about 
the early detection of tuberculosis with 
the fluoroscope, and I certainly wish to 
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issue a protest in this regard. That is not 
the ideal way to wage a campaign against 
the early tuberculous lesion. We tried it 
here and had to give it up, and I both 
know and feel that I need all the very best 
film can show up to make a proper inter- 
pretation; the fluoroscope does not show 
enough. It is not safe to eliminate as non- 
tuberculous, those patients who show no 
fluoroscopic signs or findings. 

With so many commercial organizations 
practising medicine in the most frugal 
manner, we will have such things to con- 
tend with. It is this sort of thing that 
makes it necessary to send out a plea for 
the recognition of the minute tuberculous 
lesion, as I am now doing: it must not be 
passed up. 


SUMMARY 


1. The striking resemblance between a 
postmortem cross-section of a lung and a 
well-made x-ray of a lung is worthy of 
special notice. 


RADIOLOGY 


2. The minimal lesion is the most im- 
portant tuberculous lesion of all, because 
it has a definite promise of a complete 
cure. 

3. Learn to recognize the different 
varieties of minimal lesions in order to 
give the best possible advice to the refer- 
ring physician. 

4. Learn the favorite sites for a tuber- 
culous lesion in the lung and make use 
of all probable factors in supporting your 
opinion, as it is often almost as detri- 
mental to a young life to have a diagnosis 
of tuberculosis mistakenly attached as it 
is to have the early lesion missed. 
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ENCEPHALOGRAPHY IN 


By WILLIAM C. MENNINGER, M.D., 


==HE clinical entity known as Alz- 
heimer’s disease was first described 
by Alzheimer (1), in 1907, in a 
pathologic study of brain changes occurring 
in a mental disorder in the presenile period. 
The disease process was subsequently 
named after him by Kraepelin, and has 
been the object of much study and many 
reports since the original description. It 
was originally regarded as a_presenile 
psychosis because of the close resemblance 
of the pathologic changes to senile brain 
changes. The great majority of reported 
cases are in the fifth, sixth, or seventh 
decade of life, although the same clinical 
and pathologic picture has been reported 
in a woman of 31 by Barrett (2), in 1913, 
and in a boy of 15 by Malamud and 
Lowenberg (3), in 1929. Other cases re- 
ported as Alzheimer’s disease (by Schnitz- 
ler, patient aged 32; Schaffer, patient 
aged 28, and Weimann, patient aged 37) 
are not generally accepted as typical of 
the disease (Gruenthal, 4). Lowenberg 
and Rothschild (5), in 1931, reported an 
atypical case with onset at 37 years of 
age which was regarded as toxic in origin. 
In a special consideration of the etiology 
of Alzheimer’s disease, Malamud and 
Lowenberg (3) conclude that this clinico- 
pathlogic syndrome may be caused by a 
variety of factors, the chief of which may 
have something in common with that 
which is causative of such changes in 
senility. This does not exclude, in their 
opinion, the possibility that factors alto- 
gether independent of senility may also 
bring about the same condition. Arterio- 
sclerosis and syphilis bear no relation to the 
disease. 


TYPICAL FINDINGS IN THE DISEASE 
As was pointed out by Gruenthal (4), 
the clinical findings are remarkably con- 
stant in even a large group of cases. 
Mental Picture.—-The mental symptoms 
are usually the first evidence of the dis- 
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ease, which appears with a very gradual 
onset. Forgetfulness is characteristically 
the first symptom and soon the patient 
begins to mislay articles and to lose his 
belongings. The patient may be aware 
of his inability to think accurately and 
quickly and often he is concerned with the 
nature of his mental change. The memory 
loss progresses to confusion, with the fre- 
quent further handicap of apraxia and 
aphasia. Emotional instability is often 
conspicuous, with the occurrence of irri- 
table periods and temper outbursts inter- 
spersed with periods of mild euphoria. 
The mental picture progresses to complete 
mental failure. 

Neurologic Picture-—The most char- 
acteristic of the neurologic findings are the 
aphasia and apraxia which are often more 
marked on one side than on the other. 
Convulsions are not infrequently reported 
and focal signs are common, particularly 
hemiplegia, bulbar disturbances, and mus- 
cular atrophy. 

Pathologic Picture——Grossly there is 
brain atrophy, even to a difference of 20 
per cent between the brain volume and 
skull capacity. Lowenberg and Roths- 
child (5) demonstrated a marked hemia- 
trophy of the brain at autopsy in one of 
their cases, a finding similar to the case 
presented here, as shown by encephalog- 
raphy. Microscopically there: is a rare- 
faction of the cortical cell layers, a tre- 
mendous number of senile plaques (in 
direct proportion to the clinical severity 
of the disease), and a neurofibrillar de- 
generation (Grinker, 6). 


THE USE OF ENCEPHALOGRAPHY 

As has been indicated, the occurrence of 
focal signs in this disease is common. 
No doubt in many instances the diagnosis 
is somewhat uncertain because of the 
signs, particularly in instances of uni- 
lateral distribution. It is highly desirable 
to rule out a focal disturbance such as a 
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tumor. In the case cited below there was 
some slight question as to the possibility 
of a corpus callosum tumor and for differen- 
tial diagnostic reasons encephalography 
was employed. 

The use of encephalography in estab- 
lishing the diagnosis of Alzheimer’s disease 
has probably been employed in many in- 
stances. However, its special study has 
not been the subject of any of the numer- 
ous recent reports of encephalographic 
investigation. While no complete survey 
of the literature has been made, the more 
recently reported encephalograph studies 
do not reveal special mention of the find- 
ings in Alzheimer’s disease. Friedman, ef 
al. (7) include one case of “degenerative 
disease of the brain,’’ and Grant (8) in- 
cludes four cases of ‘“‘cerebral arteriosclero- 
sis.’ Harris and Hauser (9) refer to a 
“degenerative disease of the brain, with 
marked arteriosclerosis’ which they be- 
lieved was probably a tumor. Dixon and 
Ebaugh (10) refer to a death in an arterio- 
sclerotic patient following the procedure 
and believe arteriosclerosis to be one of the 
common contra-indications to its use. 


CASE REPORT 


The patient was a white woman, a 
farmer’s wife, age 56. The chief com- 
plaint was confusion beginning about two 
years ago, with increasing memory dis- 


turbances and emotional instability. 
Referred by Dr. E. A. Evans, of Conway 
Springs, Kansas. 

Family History.—The father died at the 
age of 53, of asthma, when the patient was 
14. The mother died at the age of 82 of 
cancer of the pyloris; there was no ap- 
parent mental disturbance in either one. 
The patient was the eighth of twelve 
children; the oldest sister died at the age 
of 67 after having been confined to bed for 
twelve years with rheumatism and what 
was regarded as arteriosclerosis. The 
third child in the family had neuritis at 
the menopause so that “her hands were 
drawn.” The fifth child had diabetes. 
Otherwise the family history seems essenti- 
ally negative. 
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Developmental History—The patient 
went through grade school, taught music 
for a while, and at the age of 17 married 
her present husband—now in good health. 
She had spent her life on the farm, had 
been interested in friends, church work, 
and her children. There was a son aged 
37, and two daughters aged 34 and 20, all 
of whom were well. The patient had a 
convulsion when the youngest child was 
about four days old, but there was no 
further difficulty of this sort. She had had 
occasional attacks of asthma for the last 
five or six years, sometimes very severe. 
She had always been a heavy woman, 
weighing about 200 pounds with a maxi- 
mum of 250 pounds. She ate excessively 
and abnormally of sweets. She had al- 
ways been constipated and had resorted to 
a laxative daily for several years. She 
passed the menopause at the age of 50. 

Present Illness —In 1928, at the age of 
50, the patient had influenza, followed by 
a loss of weight of about 60 pounds over the 
next six months. The family attempted to 
get her to go to a physician but she stead- 
fastly refused until practically forced to 
do so. At this time a diagnosis of toxic 
goiter was made, associated with the 
menopause. Following rest in bed in a 
hospital for two months she seemed to be 
quite herself. 

No further difficulty occurred until 
about the age of 54, when the family 
noticed that she was becoming forgetful, 
was not quite so accurate in her work, and 
began losing things. Often she would mis- 
place articles and was concerned about 
her memory loss. Her concern increased 
to a worry over her financial situation, 
and then about many things, apparently 
developing a rather typical picture of mild 
depression. In June, 1933, she fell down 
the cellar steps; it was not known whether 
or not she lost consciousness but in any 
event she escaped with only a bruise on her 
knee. Following this accident, the family 
noticed that she slipped mentally, becom- 
ing confused. Her confusion was inter- 
mingled with emotional instability, par- 
ticularly outbursts of temper and _ir- 
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ritability. As her confusion increased, 
her depression decreased. 

The family noticed that she seemed to 
go to the left of things and used her left 
hand much more than she did her right. 
They noticed that she would make mis- 
takes and when, asked for a knife, she 
would often give a fork. She would put 
sugar in her coffee with the handle of her 
spoon rather than with the bowl, and oc- 
casionally would appear impatient with 
the difficulty she was having in using her 
eating utensils and eat directly with her 
fingers. They noticed that she often had 
difficulty in finding words to express her- 
self. 

Physical Examination.—The patient was 
an obese, white female, unco-operative 
and objected throughout the examination 
to the various tests. Weight 213 pounds; 
height 5 feet, 3 inches. The conspicuous 
pathology noted was a red, dry tongue, 
hypertrophied tonsils, moderately enlarged 
heart with faint sounds, lacerated cervix, 
blood pressure 164/90, pulse rate 90, and 


the excessive obesity, particularly marked 
about the trunk. 
Neurologic Examination.—The cranial 


nerves showed no gross pathology. The 
right fundus showed extreme thinning 
of the arteries and in the left disc there 
was a slight haziness in a small arc on the 
nasalborder. The pupils reacted promptly 
to light and accommodation in a very 
slightly restricted radius. The right naso- 
labial fold was slightly shallower than the 
left, and the right-hand grip was a shade 
weaker than the left. In the motor 
system there was no gross pathology 
except as noted in the performance of 
skilled acts. There was no disturbance in 
gait, no paralysis, and no change in 
muscle tone. There was a slight sugges- 
tion of atrophy of the muscles of the dor- 
sum of the right hand. There were no 
gross disturbances of the sensory system. 
The reflexes were equal and active and 
there were no definite pyramidal tract 
signs. 

Skilled Acts ——The patient could not 
write. She grasped a pen very clumsily 
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with either hand and misread simple, large 
letters. She grasped a comb after naming 
it and rubbed it down her nose with either 
hand in illustrating its use. She became 
confused at the simplest commands and 
mixed left and right. She misnamed 
simple objects, calling them by the name 
of an attribute or a function, v7z., a ‘‘write’’ 
fora pen. She was distinctly more clumsy 
in the use of her right hand than of the 
left. She expressed herself fairly well in 
simple, spontaneous speech. There was 
an element of psychotic negativism in some 
of the patient’s errors and incapacities. 

Mental Examination.—The patient was 
so extremely childish and confused that 
any co-operation was handicapped by 
these factors. She was disoriented for 
time, place, and person and there were 
very gross memory lapses. Her difficulty 
in expressing herself in part accounts for 
these, but a small part of her verbatim 
conversation is quoted to indicate her con- 
fusion and her disorientation. (What date 
is it?) ‘I don’t know.”” (What month is 
it?) “I don’t know.” (What year is it?) 
“T don’t know.”’ She giggled. (What sea- 
son is it?) ‘I don’t know.” (Is it spring, 
summer, fall, or winter?) ‘‘Well, it’s fall. 
No, it’s winter.’”’ (Is it hot in winter like 
this?) ‘Yes, awful hot.’”’ (How old are 
you?) ‘“I’m’’—a long pause. “I’m Dr. 
Evans’ age.”’ (Howoldishe?) ‘‘That’s— 
I’m—let’s see—40, I think.” (Where is 
your home?) “I live in that’’—a pause. 
“Well, uh—Kansas—-Topeka.” (How 
long have you lived there?) “Oh, I 
don’t know.”’ (How long have you been 
there?) “I don’t know.” (About how 
long?) ‘Oh, I don’t know.” 

While she was under observation for a 
period of a week she showed no marked 
emotional instability except in flightiness, 
a tendency to negativism, and the exter- 
nal manifestation of a frequently recurring 
shallow emotionless smile. The history 
indicates periods of marked emotional in- 
stability. 

Laboratory Examination.—Hemoglobin, 
80 per cent; red blood count, 4,390,000; 
white blood count, 11,800; neutrophils, 
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Fig. 1. Anteroposterior view. See text. 


78 per cent; small lymphocytes, 20 per 
cent; large lymphocytes, 2 per cent; 
blood Wassermann and Kahn tests nega- 
tive. Urinalysis: acid; specific gravity, 
1.031; albumin negative; sugar negative; 
epithelial cells few; amorphous urate 
crystals, few. A second specimen showed 
a slight trace of albumin, occasional pus 
cells, few epithelial cells. Spinal fluid cell 
count 2, protein 55. Wassermann nega- 
tive in both antigens. Colloidal gold curve 
entirely negative. 
Encephalography.—From the examina- 
tional data given above the tentative 
diagnosis of Alzheimer’s disease was made, 
but in view of the fact that there was a 
marked unilateral apraxia and a sugges- 
tion of muscular atrophy along with the 
aphasia and agraphia and alexia, it seemed 
advantageous to rule out the remote 
possibility of a brain tumor. An en- 
cephalography was recommended and car- 
ried out by Dr. Leo Stone of our Staff, 
according to the general plan recommended 
by Dyke and Davidoff (11). The patient 
was admitted to the sanitarium twenty- 
four hours before the encephalography. 
She was given sodium amytal the previous 
night and 6 grs. in the morning, along 
with a quarter grain of morphine before 
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Fig. 2. Lateral view. See text. 


coming to the x-ray room where the pro- 
cedure was carried out. The patient co- 
operated very well. Cerebrospinal fluid 
to the amount of 185 c.c. was removed and 
180 c.c. of air injected. Two test roent- 
genograms were taken after 30 c.c. and 
120 c.c., respectively, of air had been in- 
jected. The plates here shown were made 
at the completion of the air injection 
(Figs. 1 and 2). 

It was noted that during the course of 
the removal of spinal fluid, the first 30 
to 40 c.c. flowed very slowly. After the 
first 75 c.c. the speed of the flow greatly 
increased and continued throughout the 
remainder of the procedure. The fluid 
was still flowing freely even when the 
procedure was stopped at the removal of 
185 c.c., but because the plates were 
diagnostic, it was deemed unnecessary to 
remove more. The explanation of this 
change in rate of flow is not clear. One 
might postulate the possibility that the 
insufflation of air may have broken some 
adhesions, and thus permitted a freer flow. 
If such a block in the spinal fluid pathway 
was the case, one might expect a possible 
therapeutic benefit from the procedure. 

The patient reacted very well through- 
out the procedure, developing a severe 
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head pain, but vomited only once. She 
attempted to co-operate through the en- 
tire operation and her very mild reaction 
may in part be explained by her dulled 
sensorium and the absence of any pre- 
operative anxiety. She remained drowsy 
for the following twenty-four hours but 
gradually gained, and on her discharge 
six days later seemed brighter and more 
stable emotionally than prior to the en- 
cephalography. 

Interpretation of the Roentgenograms Fol- 
lowing the Air Insufflation.—The two most 
instructive roentgenograms are here re- 
produced. In Figure 1, the anteropos- 
terior view, we see a very gross dilatation 
of both lateral ventricles, the left much 
more marked than the right. The third 
ventricle is also visualized clearly, indicat- 
ing no blocking of the spinal fluid pathway 
that might have produced internal hydro- 
cephalus. In Figure 2, the lateral view of 
the encephalogram, we see the smaller 
right ventricle superimposed over the 
much more dilated left lateral ventricle, 
indicating in both of these plates a very 
marked atrophy of the substance of the 
cerebral hemispheres, particularly on the 
left side. There are several areas of air 
over the cortex though no large accumula- 
tions, but sufficient to suggest in addition 
some cortical atrophy. There is no in- 
dication or evidence whatever of any sort 
of focal lesion and the ventricles are in no 
wise displaced or distorted. Both of these 
encephalograms indicate, then, a very 
marked atrophy of the brain substance, 
much more marked on the left side, and 
explaining the more marked neurologic 
symptoms on the right side. 


DISCUSSION 


In this case we have an excellent ex- 
ample of the use of encephalography in 
Alzheimer’s disease to conclusively rule 
out the existence of any tumor which might 
remotely be thought to be present in 
view of the neurologic findings. Further, 
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the encephalography indicates the ex- 
planation of the symptoms and supports 
the repeatedly reported observations of 
the pathology, namely, the very marked 
brain atrophy, in this instance more 
pronounced on the one side than on the 
other. We believe that in this case the 
encephalography was a very helpful differ- 
ential diagnostic aid in conclusively show- 
ing the clinical picture to be Alzheimer’s 
disease. 


SUMMARY 


A case presenting the typical history, 
physical findings, and mental picture of 
Alzheimer’s disease has been presented, 
in which encephalography was used help- 
fully to exclude the remote possibilities 
of a brain tumor and conclusively to sup- 
port the diagnosis of Alzheimer’s disease. 
We have found no special study of the use 
of encephalography in Alzheimer’s disease, 
and feel justified in recommending it. 
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CALCIFICATION OF THE ABDOMINAL AORTA 


By MAURICE FELDMAN, M.D., Baltimore, Maryland 
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ology, Sinai Hospital, Baltimore, Maryland 


aorta is not an uncommon finding 

in the routine roentgen investiga- 
tion of the lumbar area. While this condi- 
tion has not been frequently reported, it is 
probably more common than is usually 
supposed. The literature contains but few 
references regarding the effects produced 
by this lesion upon the digestive organs. 
It is, therefore, of sufficient interest to 
watrant a particular study of this condi- 
tion. In considering this affection an at- 
tempt will be made to correlate the roent- 
genologic and clinical picture of a group of 
eases of calcification of the abdominal 
aorta, emphasizing the gastro-intestinal 
manifestations. 

The significance of calcification of the 
abdominal aorta and its relationship to 
digestive disturbances has not been fully 
recognized. Ridlon and Berkheiser (1) 
report three cases of calcification of the 
thoracic and abdominal aorta with back- 
ache as a predominant symptom. Gut- 
mann and Routier (2) report 16 cases of 
abdominal aortitis with gastralgic mani- 
festations, but do not mention whether or 
not any of their cases revealed the presence 
of calcification. 

The material selected for this study 
comprises a group of 11 cases of calcifica- 
tion of the abdominal aorta. A study of 
them points to the fact that degenerative 
changes in the abdominal aorta may at 
times play a significant rdéle in the produc- 
tion of gastro-intestinal symptoms. Al- 
though the number of instances recorded 
in the literature are but few, nevertheless 
one must be on the lookout for this condi- 
tion, especially in those cases with vague 
digestive disturbances occurring between 
the fifth and seventh decades of life. 


Css is not. of the abdominal 


1From the Department of Roentgenology, Sinai 
Hospital, Baltimore, Maryland. 


It is of interest to note that in this group 
of cases the finding of calcification of the 
abdominal aorta was accidental. Because 
of the complaint of backache, roentgeno- 
grams were made of the lumbar spine, and 
in these films calcification of the abdominal 
aorta could be clearly seen. In the antero- 
posterior view no clue of the condition, 
as arule, is disclosed. In the present series 
of cases only one revealed the presence of 
calcification of the aorta when viewed 
from the latter position; this is shown in 
Figure 3. On the other hand, the lateral 
view clearly demonstrated the calcifica- 
tion in every instance. It seemed of 
interest to determine whether in addition 
to the calcification of the abdominal por- 
tion of the aorta, the arch of the aorta was 
likewise involved in this process. In seven 
cases upon whom teleoroentgenographic 
studies were made of the chest, in only one 
instance was calcification of the aortic arch 
observed. However, calcareous plaques 
were noted in the lower thoracic aorta in 
only four instances. These were observed 
on the lumbar spine films which included 
part of the lower thoracic area. A lateral 
view of the entire thoracic area was made 
in two instances in this series and no evi- 
dence of calcification of the thoracic aorta 
was observed. The deposition of calcium 
plaques along the abdominal aorta may 
involve either a small portion or the entire 
vessel. Occasionally the calcification may 
be noted to extend as far down as both iliac 
vessels. 

According to Bordet (3), change in the 
opacity of the aorta is the earliest sign of 
aortitis, preceding even subjective symp- 
toms. Many factors predispose to this 
condition. Arteriosclerosis was the most 
predominant factor in our series of cases, 
occurring in all instances. In the majority 
of these cases there were likewise evidences 
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Fig. 1. A lateral view of the lum- 


the abdominal aorta. 


It is well recog- 
nized, however, that the following condi- 
tions which predispose to arteriosclerosis 
are likewise present in calcification: ad- 
vanced age, syphilis, alcoholism, gouty 
diathesis, nicotinism, and diabetes. 
Syphilis must play but a minor rdle in its 
production, inasmuch as not a single posi- 
tive Wassermann reaction was noted in 
ten cases in which this test was performed: 
in two instances diabetes was present. 
Advanced age resulting in senile calcifica- 
tion as a predisposing factor plays an im- 
portant rdle, since the condition is mostly 
observed between the fifth and seventh 
decades. 

Physiologic Mechanism in the Production 
of Gastro-intestinal Symptoms.—As the con- 
dition affects the wall of the abdominal 
aorta, transforming a collapsible vessel 
into a rigid one, certain changes in the 
circulation of the gastro-intestinal organs 
must occur which interfere with its normal 
physiologic function. These changes are 
instrumental in the production of certain 
digestive disturbances. Gutmann and 
Routier (2) consider the digestive varia- 


of cardiac pathology. 


Fig. 2. Another case of calcifica- 
bar area, illustrating calcification of tion of the wall of the abdominal aorta 
is shown in the lateral view. 


Fig. 3. Same case as shown 
in Figure 2, demonstrating the 
calcified aorta in the antero- 
posterior position. 


tions as related to the arterial pressure and 
state: ‘‘After meals the arterial pressure 
undergoes three changes: first, an early 
increase (immediate hypertension), from 
15 to 75 minutes later hypotension, and 
from two to three hours later another 
hypertensive phase, which is more in- 
tense.” Many theories have been sug- 
gested to explain the occurrence of pain in 
abdominal aortic affections. According to 
Potain (4), Teissier (5), and Carriere (6), 
this is due to an ischemia of the arteries 
which provokes gastric intermittent clau- 
dication. Pal (7) describes this phenome- 
non as due to vascular crises; Loeper (8) 
to a neuritis of the solar plexus. 

In this series of cases there were five 
males and six females, the ages ranging be- 
tween 50 and 75 years. Table I presents 
our cases arranged according to sex and 
age. This table discloses that sex is not a 
factor in this condition. The ages ranged 
between the fifth and seventh decades, the 
majority occurring in the sixth and 
seventh. 

Cardio-vascular Changes.—It must be 
emphasized again that calcification of the 
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abdominal aorta occurs in the arterior- 
sclerotic period of life. Arteriosclerosis 
was present in every instance in this series 
of cases. Cardiac disease was also a 
prominent factor, as it occurred to some 
degree in most of our cases. Mobility and 
palpability of the abdominal aorta were 
not detected except in one instance in 
which pulsations were distinctly palpable. 
According to Gutmann and Routier (2), 
auscultation over the abdominal aorta may 
reveal a systolic murmur quite different 
from the systolic sound normally per- 
ceived, and they attach considerable im- 
portance to this sign in abdominal aortitis. 
Changes in the femoral pulse were not 
especially noted in our cases, but Gutmann 
and Routier record some changes in the 
femoral pulse in aortitis due to changes in 
the wall of the vessel, resulting in a more 
rapid flow. Abnormal circulatory mani- 
festations in the abdominal organs must 
occur as a result of this condition, due to 
loss of expansibility and contractility of the 
wall of the aorta. The blood pressure in 
this group of cases varied considerably. 

The réle which calcification of the ab- 
dominal aorta plays in disturbance of the 
digestive tract is a variable one, inasmuch 
as there is not always convincing evidence 
at hand to demonstrate that the change in 
the aorta is the primary etiologic factor in 
the production of symptoms. A _ true 
clinical picture of the condition is not 
readily discernible, the symptoms often 
being of a vague character. There are no 
characteristic symptoms or group of symp- 
toms which are diagnostic of the condition. 
Although the diagnosis of calcification of 
the abdominal aorta is quite simple by 
means of the roentgen-ray study, its inter- 
pretation as a causative factor of gastro- 
intestinal disturbances is by no means as 
clear. There can be no question, however, 
but that this condition may be responsible 
for many abdominal disturhances, and 
increasing importance must be attached 
to this finding when no other organic 
lesion can be detected to account for the 
digestive symptoms. An example of a 
case is presented to illustrate the gastro- 
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intestinal manifestations encountered in 
this affection. 

R. L., aged 58, female, first visited the 
Sinai Hospital eleven years ago, with 
the complaint of indigestion. The symp- 
toms were those of fullness, disten- 
tion, belching, sour regurgitation, con- 
stipation, and vertigo. One year later, 
she developed a constant epigastric pain, 
which increased following meals. In addi- 
tion to the pain, the other symptoms de- 
scribed above continued without relief. 
A gastro-intestinal roentgen investigation 
proved negative. An Ewald test meal 
revealed a normal gastric content (free 
acid 20, total acid 40). Her blood pres- 
sure at this time was 128/66. A year later 
she began to complain of severe backache, 
which was especially pronounced on move- 
ment. Another Ewald test meal, ex- 
amined two years later, still revealed a 
normal gastric content (free acid 19, total 
acid 46). Her backache and digestive 
symptoms persisted up to this year (1933), 
when an x-ray examination of the lumbar 
area revealed the presence of marked cal- 
cification of the abdominal aorta. This 
examination also presented evidence of 
slight hypertrophic changes of the lumbar 
vertebre. It must be pointed out that it 
is most difficult to establish the fact that 
these symptoms are due to calcification of 
the abdominal aorta, but since no other 
gastro-intestinal lesion could be found to 
produce these symptoms, it is reasonable 
to consider the possibility of calcification 
as a possible etiologic factor. 

In a survey of this series of 11 cases, the 
gastro-intestinal manifestations were of 
striking interest. In three instances the 
digestive symptoms were of minor import, 
the symptoms varying from mild to severe. 
Pain in the abdomen and back was the 
most prominent symptom, and was often 
of an encircling, girdle, or constricting 
type, radiating from the abdomen to the 
back and reversely, frequently becoming 
localized in the epigastrium. Moderate 
or severe pain occurred in six instances of 
this series, while in five there was some 
abdominal distress but no actual pain. 
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On the other hand, abdominal soreness 
and tenderness occurred in seven cases. 
Gutmann and Routier observed that an 
early discomfort consisting of a sensation 
of heaviness and tension, with pain com- 
ing on three or four hours later, prevailed 
in his study of the digestive symptoms. 
In this series of cases the symptoms in 
some instances resembled those of ulcera- 
tion, which were relieved temporarily by 
soda. However, the usual relation of food 
and the periodicity of the symptoms was 
not observed. Vomiting occurred in three 
instances, but in none was there any 
hemorrhage. Constipation was found in 
eight cases. In one, diarrhea was a 
prominent symptom and in two the bowel 
functioned normally. The appetite re- 
mained good in seven cases, while in four 
it was poor. In three instances acid 
regurgitation was observed and in six 
abdominal fullness and distention were 
noted. Loss of weight occurred in all in- 
stances of this series. Backache was like- 
wise a common complaint. The physical 
examination revealed a generalized arterio- 
sclerosis, with varying degrees of cardiac 
involvement. The abdomen presented 
evidences of tenderness and soreness on 
pressure. In thin individuals, the hard 
tubular aorta may be palpated and pulsa- 
tions felt. Hemorrhoids were observed in 
three of our cases. 


Roentgen Examination.—Gastro - intes- 
tinal roentgen examinations were per- 
formed in five cases of this series, of which 
three were found to be entirely normal. 
In one, a penetrating gastric ulcer was ob- 
served and in another a moderate duodenal 
stasis. It is of interest to note that in two 
cases in which the roentgen examination 
revealed a normal stomach, ulcer symp- 
toms were quite prominent. In one case, 
carcinoma of the transverse colon was 
found, confirmed by operation. The 
roentgen ray also revealed evidence of 
enlargement of the heart in three instances 
and dilatation of the aorta in three cases. 

During the routine roentgen examination 
of the lumbar area, it is especially impor- 
tant to include a lateral view. In this 
position evidence of calcification of the 
abdominal aorta may be best visualized. 
The anteroposterior position obscures the 
aorta in most instances due to overshadow- 
ing of the vertebra; on the other hand, the 
anteroposterior view will often reveal the 
presence of calcification of the iliac vessels. 
The roentgen diagnosis is made by the 
presence of calcareous plaques along the 
course of the abdominal aorta, as it de- 
scends along the vertebral column, an- 
terior to the bodies of the lumbar spine. 
The plaques are of different lengths and 
thicknesses, of flaky appearance, and are 
irregularly placed along the margins of the 
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aorta. The caliber of the aorta becomes 
quite visible. 

Hypertrophic changes in the lumbar 
vertebre of varying degrees were observed 
in six instances of our series. 


SUMMARY 


In all obscure cases of abdominal dis- 
comfort and backache, with vague gastro- 
intestinal symptoms which occur between 
the fifth and seventh decades, the possi- 
bility of the presence of changes in the 
abdominal aorta should be carefully in- 
vestigated. Calcification of the abdominal 
aorta is of sufficient clinical importance to 
be considered as not only an etiologic factor 
in the production of lumbar pain, but 
also as a factor in the etiology of digestive 
symptoms. The roentgen-ray examina- 
tion of the lumbar area offers the best 
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means of investigation in the diagnosis of 
calcification of the abdominal aorta. 

Many thanks are due to Dr. Alfred UIll- 
man, who kindly permitted me to use this 
material. To Dr. Julius Friedenwald, 


I am deeply grateful for his many sugges- 
tions in the preparation of this paper. 
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AN ILLUSTRATIVE CASE OF SYRINGOMYELIA TREATED WITH 
ROENTGEN RAYS 


WITH GENERAL DISCUSSION OF THE EFFECT OF RADIATION UPON THIS DISEASE! 
By HERMAN FRIED, M.D., New York City 


From the Department of Radiology, and the courtesy of the Department of Neurology, Hospital 
for Joint Diseases, New York City 


=S=HE use of radiation in the treat- 
qT ment of various neurologic condi- 

tions has proved to be a valuable 
therapeutic agent, but the most strikingly 
favorable results apparently occur in 
syringomyelia. Within the past decade 
this mode of treatment has become the 
choice therapeutic procedure of this dis- 
tressing disease. Syringomyelia is par- 
ticularly suitable for roentgen therapy be- 
cause the pathologic structure of this dis- 
ease is highly responsive to the action of the 
rays (1). 


PATHOLOGY 


The pathologic picture is essentially 


one of gliosis followed by the formation 
of a cavity or cavities in the substance of 
the cord. The glial tissue surrounding the 
cavity varies in thickness not only in 
different cases but also at different levels 


of the same case. The mode of production 
is not very definite, but the prevailing 
theory is that the pathologic process is 
essentially of neuroglial tissue. In short, 
it is a slowly growing or proliferating pro- 
cess of glia cells and fibers. This is fol- 
lowed by softening of the overgrown newly 
formed tissue, which consists of fibrils with 
a few nuclei. The tissue soon begins to 
stain badly, particularly around the few 
blood vessels which it contains, and is 
transformed into a homogeneous rarefied 
structure. Crevices appear within the 
area which gradually form into cavities. 
The cause of this central gliosis is not 
known; some believe that it is due to a 
developmental defect or to the persist- 
ence of embryonal tissue which later ac- 
quires the power of pathologic growth. 


Read before the Clinical Society, Hospital for 
Joint Diseases, March 6, 1934. 
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From the standpoint of radiotherapy all 
productive or proliferating tissues, whether 
inflammatory or not, are radiosensitive 
(2 and 3). The effectiveness of radiation 
in syringomyelia is brought about by the 
destructive action of the rays upon the 
growing glious tissue. However, in order 
to obtain the best results it is necessary 
that the patient should receive the treat- 
ment sufficiently early in the course of the 
disease, before the destructive process has 
set in, namely, before cavity formation 
takes place. 

This brings us to the question of re- 
generation of nervous tissue. In dis- 
cussing this subject we must forbear the 
claim that radiation can regenerate or 
reconstruct nerve tissue, despite the fact 
that this often militates to some extent 
against the use of roentgen therapy of this 
disease. Those who oppose radiation in 
syringomyelia claim that, whereas it is 
admitted that the condition is a destruc- 
tive process and that the rays have no 
power to regenerate nerve tissue, it seems 
absurd to claim that the use of x-rays can 
bring about a cure or relief in this affection. 
Our answer to their objection is simple. 
As stated above, we still refuse to claim 
that roentgen rays can reconstruct or re- 
generate nerve tissue. Nor do we claim 
that we can always completely cure a 
case of syringomyelia without residual 
sequele. 

Radiation, however, can halt the in- 
flammatory process of nerve cells and 
fibers in the same manner that it does in 
any other inflammation. This may bring 
about a partial or even complete recovery, 
depending upon the severity of the in- 
flammation as well as upon the extent of 
the destructive damage which has already 
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been done to the spinal cord before ir- 
radiation had been instituted. Further- 
more, if the condition has already reached 
the destructive stage, radiation can also 
interfere with the process, and in this way 
it is possible to preserve the residual func- 
tion of the cord which has been retained in 
the tissue. Before presenting the case 
let us briefly review the clinical side of this 
disease. 

Syringomyelia can be recognized by 
the following three groups of symptoms: 

(1) A progressive muscular atrophy of 
the upper extremities with fibrillary 
twitchings. 

(2) Sensory disturbances which take 
the form of syringomyelic dissociation or 
posterior-horn type dissociation of sensi- 
bility. 

(3) Trophic and vasomotor disturb- 
ances which include paronychia, anomalies 
of sweat secretions, osteo-arthropathies, 
fissures, ulcers, and gangrene (4). 


REPORT OF CASE 


The patient was first seen in August, 
1932, at which time he presented a history 
of six months’ duration. He had had a 
cold and soon after felt a weakness in 
both hands, being unable to cut bread 
or button his clothing. This weakness 
continued for several months, and then 
improved slightly. He worked as a 
counterman in a restaurant; was never 
exposed to metal poisoning; had no history 
of alcohol or syphilis, and did not com- 
plain of paresthesias. 

At his first examination his hands 
showed a symmetrical atrophy of the 
thenar and hypothenar eminences, and 
of the space between the first and second 
metacarpal bones. Also, there was a 
partial flexion contracture of all the inter- 
phalangeal joints which gave a claw-like ap- 
pearance tothe hands. There was atrophy 
of all interossei. A bilateral coarse tremor 
and marked weakness of both hands were 
present. A slight thickening of the sub- 
cutaneous tissue of the hands was present, 
but there was no wrist drop. Reflexes 


RADIOLOGY 


could not be elicited at all in the upper ex- 
tremities. Knee-jerks were equal and 
somewhat hyperactive. Sensation to pin- 
prick was at first unimpaired. He had a 
slight difficulty in speech, and some 
tremor of the tongue. Sensory impair- 
ment could not be elicited early in the 
disease, but later, on April 15, 1933, areas 
of analgesia and thermoanesthesia were 
found in the upper extremities, the higher 
segments of the trunk, as well as the neck 
and shoulders. The diagnosis of syringo- 
myelia was made. 

The case was referred to our department 
for radiotherapy. Roentgentherapy was 
administered at weekly intervals. The 
factors of radiation were as follows: 
150 K.V.; 5 ma.; filtration, 4 Al; focal 
distance, 40 centimeters. One-third of an 
erytheina dose was given weekly for each 
area. The field for irradiation consisted 
of the entire cervical and upper dorsal 
spine. 

After six weeks, sensory disturbances 
were ameliorated. Impaired muscular 
function and tone were markedly im- 
proved after six treatments, but muscle 
atrophies in the upper extremities were not 
improved as far as the apparent volume of 
muscle was concerned. He practically lost 
his tremor and was able to resume work. 
The color of the skin of his hands, which 
had been reddish, became almost normal. 
In short, both objective and subjective 
symptoms improved, and while his pain 
conduction fibers are evidently normal, 
he still has some impairment in the 
conduction of the temperature fibers. 


THE EFFECT OF RADIATION IN 
SYRINGOMYELIA 


This case presented the following in- 
teresting clinical and radiologic features: 


(1) It is commonly known to radiolo- 
gists that subjective complaints of cold- 
ness, numbness, and tingling sensations 
will usually disappear in a short time under 
the influence of roentgen rays. When no 
definite improvement takes place by the 
end of the first series of treatments, a 





FRIED: 


favorable effect can hardly be expected 
from further irradiation. The ameliora- 
tion of these subjective symptoms were, 
therefore, highly satisfying in this case 
because they indirectly indicated a favor- 
able prognosis. 

(2) The segmental pain and tempera- 
ture fibers are generally the first to be 
affected, and as a rule there is an early 
loss of sensitivity to pain and temperature 
sensation. In this case these sensory dis- 
turbances appeared later than all other 
symptoms of syringomyelia, thus making 
the diagnosis difficult, which incidentally 
delayed radiation treatment. 

(3) Another striking feature of the 
case was the extraordinary slow progress 
of the disease. It took two years before 
some pathognomonic signs and symptoms 
of syringomyelia came to the front. 

(4) Irradiation will restore the pain 
and temperature sensibility in all cases 
except when the duration of the disease 
was unduly prolonged before the treat- 
ment was commenced. Nevertheless this 


does not always apply to disturbances in 


temperature sensation. They sometimes 
will persist even after two or more series 
of treatments have been administered. 

Referring to the illustrative case of this 
paper, we find that after six treatments the 
patient began to improve. His sensory 
disturbances, as far as the pain fibers were 
concerned, were much better and their 
function was gradually completely re- 
stored: This was not the case with the 
temperature fibers; their restoration was 
delayed and despite the fact that almost all 
other signs and symptoms have disap- 
peared, except a slight disability of his 
right hand and fingers (which does not at 
all interfere with his work), we cannot 
claim complete restoration of the tempera- 
ture sensibility. 

Giese and Ossinskaja (5) report eight 
patients out of a group of 128 in whom the 
temperature sensibility remained  dis- 
turbed after pain sensibility had otherwise 
become normal. Other observers also 
claim that pain sensations are more com- 
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pletely and readily restored than the tem- 
perature sensibility (6). 

(5) From the standpoint of clinical 
material and clinical demonstration, this 
case was ideal. His hands were full of 
cuts, bruises, burns, and scars. These 
injuries were sustained because he was un- 
aware of the loss of sensation, and there- 
fore scalded or injured his hands with- 
out knowing it. The sensory dissociation 
made its advent insidiously, it being un- 
noticed by the patient until one day while 
bathing he discovered that he could 
detect cold and heat upon some parts of the 
skin and not on others. 

(6) Muscular atrophy is a common 
clinical feature of this disease. It is en- 
tirely dependent upon the amount of 
pathologic changes that are present in the 
gray matter. There is a difference of 
opinion as to the ultimate effect radiation 
therapy has on muscle, tendon, and cu- 
taneous reflexes. Many believe that radia- 
tion has little or no effect; on the other 
hand, some authors frequently report 
complete restoration of some reflexes par- 
ticularly the tendon reflexes of the upper 
extremities. 

Muscle function generally improves and 
becomes normal in 50 per cent of the cases. 
Paresis and paralysis of various muscles of 
the upper extremities are more frequently 
improved after irradiation than those 
of the lower extremities. We also obtain 
similar results in gait, ataxia, and muscle 
strength. Above all, the bulbar symptoms 
improve to a relatively greater degree than 
the motor disturbances of the lower and 
upper extremities. In our case under dis- 
cussion, muscular atrophy of both hands 
and forearms were equally affected, but the 
muscles of the back were normal. After 
six treatments the patient was able to 
return to work. The tremor of the hands 
gradually improved and the contractures 
resulting from muscular atrophy became 
normal (6 and 7). 

There are no routine iron-clad rules for 
the technic of radiation therapy in syringo- 
myelia, as there are none for other condi- 
tions. Each case presents different and 
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peculiar pathologic and clinical character- 
istics which must be met individually by 
the radiotherapist. It is, therefore, im- 
proper to say that cases of syringomyelia 
should obtain radiation to the cervical and 
upper dorsal region of the spine as a 
routine measure; the better procedure is 
to localize each lesion of the spinal cord. 
This largely determines the degree and 
extent of the inflammatory or destructive 
process that may be present. In this dis- 
ease, localization is a great help to the 
radiologist because it indirectly maps out 
the proper fields to be irradiated and aids 
in centering the tube for each area to be 
treated. If the radiologist has insufficient 
training in the localization of spinal lesions, 
it is his duty to call in a neurologist for the 
purpose of interpreting the topographical 
relations of the vertebre to the segment of 
the spinal cord. 

Our knowledge of motor, sensory, reflex, 
and visceral representations in the single 
segments of the cord is fairly adequate to- 
day to enable us to localize circumscribed 
lesions that involve the white and gray 
matter at a definite level. In most of the 
cases of syringomyelia the sensory dis- 
turbances, v7z., loss of pain and temperature 
sensibility, are segmental in distribution. 
They are caused by inflammation or de- 
struction of the posterior horns of the gray 
matter of one or several segments. 

Let us suppose that we find areas of 
analgesia and thermo-anesthesia in the 
upper extremities, the higher segments of 
the trunk, as well as of the neck and 
shoulders. This distribution of the in- 
sensitive areas shows the type of cases most 
frequently met with in the larger clinics of 
New York City. It definitely points to 
involvement of the cervical and upper 
dorsal regions of the spinal cord. The 
author’s technic in such cases is as follows: 

The field of radiation should include the 
entire cervical spine, also the dorsal spine 
as far down as the seventh dorsal vertebra. 
The size of each field to be 8 XK 10 cm., 
arranged lengthwise close to each other. 
The factors are 180 K.V., 4 ma., filtration, 
0.5 Zn plus 3 Al, focal distance, 40 centi- 
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meters. Each field should obtain one-third 
of an erythema dose at one sitting. The 
treatment should be administered every 
other day until each field has obtained 100 
per cent of a skin erythema dose. This is 
followed by an intermission of six weeks, 
when another series may again be ad- 
ministered in the same manner described 
above. A third and fourth series may be 
repeated if necessary after a further inter- 
mission of eight weeks between each 
series. 


SYRINGOBULBIA 


Cases which are not quite as frequently 
met with as the ordinary cases of syringo- 
myelia are those that affect the brain stem. 
This condition is generally known as 
syringobulbia. The disease affects pri- 
marily the medulla and may involve the 
motor nuclei of the cranial nerves. Very 
often syringomyelia and syringobulbia are 
associated. The manifestations of bulbar 
disease may precede those of spinal in- 
volvement, or vice versa. Whether the 
disease ascends from the cord to the brain 
stem, or descends from the brain stem to 
the cord is a mooted question. These 
cases present fibrilations, atrophy, and 
paresis of the tongue. The palate, uvula, 
and vocal cords may show similar signs. 
The sensory disturbances in these patients 
are found in the region of the trigeminus. 
Perception of pain and temperature is 
lost, while other sensations are as a rule un- 
impaired. In short, the lesions of this 
condition are primarily in the brain stem, 
but they are also as frequently present in 
the cervical spine. 

The treatment plan for radiation in 
cases of syringobulbia is similar in principle 
and method in every respect to the pro- 
cedure described for syringomyelia, except 
that one occipital field and two lateral 
fields of the head (one on the right and one 
on the left side over the base of the brain) 
are irradiated in addition to the fields 
of the cervical and upper dorsal spine. 

In short, radiation can bring about a 
partial or even a complete recovery de- 
pending upon the severity of the inflamma- 
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tion as well as upon the extent of the de- 
structive damage which has already been 
done to the spinal cord before irradiation 
had been instituted.” 

In the case under discussion, no final 
diagnosis was made until eight months had 
passed after the patient presented himself 
to our clinic for the first time. Before he 
came to us, he had been under observation 
in other institutions of this city. In none 
of them was a definite diagnosis made of 
his condition. Syringomyelia was sug- 
gested by some of the neurologists but this 
diagnosis had to be excluded because of the 
inability to establish sensory dissociation. 
However, something occurred in his condi- 
tion which changed the entire aspect of the 
case. On April 15, 1933, which was ap- 
proximately two years after the initial 
symptoms of his affection and eight 
months after he became a patient of our 
clinic, he clearly and unquestionably 


showed definite analgesia and thermo- 
anesthesia, which once and for all con- 
firmed syringomyelic dissociation (8 and 


9), 

The author therefore is of the opinion 
that this case ran a parallel course with the 
one reported by Head and Thompson. In 
both cases the diagnosis was difficult be- 
cause of the absence of analgesia, and in 
both, analgesia did not come to the front 
until some change occurred in the physical 
condition of the patient, which interfered 


2In explanation of the late appearance of sensory 
disturbances of this patient, the author is of the opinion 
that this case was similar to the one reported by Head 
aud Thompson. In that case, complete cutaneous 
analgesia was co-existent with deep hyperalgesia of a 
painful arthropathy. The lightest pressure produced 
pain; yet superficial layers of the skin were analgesic 
to the prick of a pin, when raised from the subcutaneous 
structures, 
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with the diagnosis of syringomyelia. In 
their case it was a co-existent arthropathy ; 
in our case an undetermined condition 
that hindered the elicitation of sensory 
dissociation. 

There are many causes for the delay of 
the appearance of sensory disturbances. 
For instance, the distribution of thermo- 
anesthesia and analgesia is often found 
to be irregular. If the progress of the 
disease is slow, we may find sensory loss in 
one hand which may be limited above a line 
encircling the forearm. In the same way, 
an area including the nose, mouth, and eyes 
may preserve its sensibility intact, while 
the surrounding regions are completely 
insensitive to pain and _ temperature. 
Quite often we come across one patch of 
analgesia and thermo-anesthesia which is 
separated for a time from another by a 
healthy area, and coalescence occurring 
later on. Such and similar conditions, 
which happen quite frequently (10), are 
apt to mislead the examiner and throw him 
off the proper track. 
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THE INHIBITION OF GROWTH IN POLLEN AND MOLD UNDER 
X-RAY AND CATHODE RAY EXPOSURE! 


By C. P. HASKINS and C. N. MOORE, Schenectady, N. Y. 


T was the purpose of the following 
investigation to determine, within fairly 
wide limits, the point at which mature 
pollen grains, cultured in vitro, and ma- 
ture spores of Penicillium become in- 
activated on exposure to x-rays and high 
voltage cathode rays. Such a piece of 
work seemed of interest and desirable for 
several reasons. So far as known by the 
authors, no systematic previous work bas 
been undertaken in the x-raying or cathode 
raying of mature pollen with a view of 
determining its rate of “dying” and its 
point of inactivation. Considerable work 
has been done in the x-raying of mature 
pollen in the hope of producing muta- 
tions, and, while such work does not show 
promise of yielding nearly as fertile re- 
sults in the form of genetic aberrations 
as may be obtained by the irradiation of 
pollen mother cells previous to the first 
reduction division, it is of interest that 
rough working data of permissible limits 
of exposure under given conditions should 
be at hand. Again, so far as known by 
the authors, no comparative work has been 
done on the resistance of pollen grains and 
mold spores to x-rays and cathode rays 
under the same conditions. Such a com- 
parison should be of interest in view of 
the work which has been done in the x- 
raying and cathode raying of molds. It 
seemed worth while to investigate pollen 
as a biologic material of possible use in 
quantitative studies of radiation effects. 
And finally, little work appears to have 
been done, even with the molds, in the 
comparative investigation of the energy 
inputs of different forms of energy at 
roughly equivalent points of inhibition. 

Material Used.—After considerable pre- 
liminary work involving a large range of 
plant material, it was decided to confine 
~~ § Received for publication Oct. 13, 1934. 














the experiments with pollen to that of 
plants of the family Liliace, and to work 
principally with Lilium longiflorum be- 
cause of its availability at all times and 
the ready germinability of its pollen under 
a fairly wide range of conditions. Several 
other species were included in the in- 
vestigation, however, and found to be 
essentially similar in behavior. Chief 
among these were Lilium speciosum, L. 
regale, L. henryi, and L. auratum. Some 
work was also done with L. philadelphi- 
cum, i. canadense, L. sulfurum, and even 
the triploid day lily Hemorocallis fulva, 
but these species proved less satisfactory 
and were abandoned. 

Spores of a culture of the green-spored 
mold genus Penicillium were used, and 
proved so ready of culture and so thor- 
oughly satisfactory in germination 
throughout that it was unnecessary to 
consider any further material. 

Sources and Character of Radiation.— 
Two sources of x-rays and one of cathode 
rays were used in this work, so selected 
that comparisons of inactivation might 
be made under fairly widely variant condi- 
tions. 

As a source of soft x-radiation, a line- 
focus tube with copper target was used, 
connected to the pumps, and operated 
from a high tension transformer. It was 
completely self-rectifying when operated, 
as it was throughout the work, at 37 K.V. 
rm.s. and 20 ma. of current. It was 
provided with an aluminum window of 
0.025 mm. thickness. 

The pollen and mold were treated at a 
focal distance of 5.1 centimeters. The 
tube output was measured at a focal dis- 
tance of 41.9 cm., and a current of 10 ma. 
with a standard Faiila radium-compen- 
sated measuring instrument. The device, 
however, was equipped in place of the 
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usual collodion, graphite-coated thimble 
chamber, which is suitable for use with 
harder radiation, with a special silk-mesh 
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length theoretically obtainable at this 
voltage was in the neighborhood of 0.3355 
A. as calculated from the fundamental 





chamber devised by Dr. Failla, and most 
kindly lent to us by him, in which the 
wall and absorption effects of longer 
radiation are very largely eliminated. 
It was, therefore, unnecessary to intro- 
duce corrections for these factors which 
should certainly have been introduced 
with most other types of chambers. 
The distance factor was extrapolated to 
the position of the pollen grains and mold 
spores in accordance with the inverse 
square law. The procedure was _ not 
strictly correct in this case, since with 
this tube the radiation did not emanate 
strictly from a point source, but the ac- 
curacy of the procedure was well within 
the limit set by the experimental material 
itself. The milliamperage factor was also 
extrapolated to that used, the curve in 
this case being very nearly reliable. The 
incident energy input of the tube under 
experimental conditions, at the point 
of exposure of the material, was found to 
be 2.1 X 10‘ roentgens per minute. 

In quality, the x-ray beam from this 
tube was very nearly monochromatic, 
by far the greater portion of radiation 
lying in the regions of the Ka and Kf 
lines for copper, respectively 1.537 and 
1.389 Angstroms. The shortest wave 


quantum relation Ve = hrm, as applied 
by Duane and Hunt.’ 

The source of hard radiation used was a 
standard Victor deep therapy outfit, com- 
prising a high tension transformer with 
cross-arm mechanical rectifier of the Snook 
type as the high voltage generator, and a 
standard Coolidge water-cooled tungsten- 
target tube, of the thick-walled type. 
The tube was operated at 200 K.V.P. and 
30 ma., the pollen and mold being ex- 
posed at a focal distance of 11.4 centi- 
meters. The incident energy input of the 
tube was measured at the point of expo- 
sure of the material with the Failla instru- 
ment, the collodion-graphite chamber, 
which at this voltage exhibits negligible 
absorption and wall effects, being used. 
It was necessary to reduce the tube current 
to 1.5 ma. and to extrapolate to the higher 
value in order to bring the energy reading 
within the range of the instrument. The 
input was found to be 3.0 X 10? roentgens 
per minute under the conditions of experi- 
ment. 

The shortest wave length theoretically 
obtainable at this voltage was 0.062 A. 
No metal filter was used, but the glass of 
the wall interposed a filtering action 
~ 2 Phys. Rev., 1915, 6, 166. 
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equivalent to about 0.10 mm. of copper. 
At 0.70 A. the intensity of the emergent 
radiation was only about 0.3 per cent 





of that impinging on the inner wall sur- 
face, as calculated from Compton’s 1926 
value for the mass absorption coefficient 
of Cu,* and this may be considered the 
cut-off point. Substantially all of the 
primary radiation incident was included 
within these limits. The greatest in- 
tensity of radiation lay within the K, and 
K, doublet region for W, between 0.21 
and 0.18 A. The second and third order 
lines were present, though of greatly 
diminished intensity, but general radia- 
tion at this voltage is very considerable. 

A Coolidge single-stage high voltage 
cathode ray tube, equipped with ‘“‘Re- 
sistol’’* window, of 0.6 mul thickness, 
connected to the pumps, and operated 
at 250 K.V.P. and 1.5 ma. was the source 
of cathode rays. Since the window was air- 
cooled, it proved more convenient to 
vary the distance of the experimental 
material from the tube, the time of ex- 
posure being maintained at one second. 
The material was treated at window 
distances of 1, 11/4, 1°/2, 17/4, 2, 2*/4, 
21/5, 2*/,, and 3 inches. 

Several methods may be adopted for the 
calibration of a high voltage cathode ray 





2 Compton, X-rays and Electrons, D. Van Norstrand 
Co., 1926. 
¢ A chrome-nickel steel. 
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tube, as described by Coolidge and Moore,' 
Taylor,’ Lenard,’ and others. The method 
which proved most convenient in the 


Fig. 2-B. 


present case was a thermal calibration 
devised by Daniels and Bussey,*® which 
presents the advantage that, in cases 
such as ours in which the tube window 
must remain electrically floating, no 
grounding connection of the reading in- 
strument is necessary. A measurement of 
the heating effect of the electron stream in 
calories was made with a copper calorime- 
ter of 7.5 cm. diameter and 0.3 cm. thick- 
ness, built as a thin drum from two soldered 
spinnings. The vessel was equipped with 
a fine glass capillary and filled with nitro- 
benzene, which acted at once as the heat- 
absorbing medium and the temperature 
indicator. The capillary was fitted with a 
scale, and readings of the meniscus rise 
made with a telescope mounted at a safe 
distance. Immediately after the com- 
pletion of readings, which consisted usually 
of ten trials, the calorimeter was cali- 
brated in water, the volume of water re- 
maining constant (to avoid a change of 
pressure on the calorimeter walls, the 
device being surprisingly sensitive) and 

5 Coolidge, W. D., and Moore, C. N.: G. E. Rev., 
August, 1932, 35, 413-417. 

6 Taylor, L.: RaproLoGy, 1931, 17, 736. 

7 Lenard, P. Quantitatives iiber Kathodestrahlen 
aller Geschwindikeiten, 1925. 

* Bussey, W. F., and Daniels, F.: Jour. Am. Chem. 
Soc., December, 1928, 50, 3271-3286. 
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the temperature gradually falling through 
a small range. The rise of nitrobenzene 
in the capillary was a marked one, amount- 
ing often to five or more thermometric 
scale divisions. 

Once the incident energy of the cathode 
beam had been determined in calories 
per unit area it was readily convertible 
to roentgens, using Gaertner’s’ value for 
the ionization potential of air in electron 
volts and an electron volt-calorie equiva- 
lence factor derived from Crowther’s!® 
factor for the erg in electron volts. Sucha 
procedure does not give the correct order 
of magnitude of the ratio of energy inputs 
of the two sources, however, since the 
copper calorimeter, by virtue of the fact 
that it absorbs an extremely high per- 
centage of all incident electrons, is in 
reality measuring the energy derived from 
a cathode beam of given cross-section and 
infinite extent, while the ionization cham- 
ber measures the energy similarly derived 
from an x-ray beam of given cross-section, 
but, by definition of the roentgen, also of 
finite length (1 centimeter). We may 
roughly correct for this situation in this 
fashion. Let us calculate the voltage 
drop of a single electron at the calorimeter 
face in traversing a one-centimeter layer 
of air and determine what percentage it is 
of the total drop. Then, since the calo- 
rimeter completely stops every electron 
striking its face (an assumption justified 
for this work), the true value of the energy 
of the cathode beam in terms of roentgens 
will be its measured energy, converted 
to roentgens on the basis of the derived 
calorie-roentgen equivalence factor already 
determined, multiplied by this factor—a 
procedure which also involves the assump- 
tion that electron velocity in a cross- 
sectional area of this cathode beam is 
uniform. Using the J. J. Thompson 
formula!! for the voltage drop of a single 


Gaertner, O.: Ann. d. Physik., June 7, 1929, 2, 
94-122. 
‘Crowther, J. A.: British Jour. Rad., 1929, 2, 
175-187. 
Bond, W.N.: Phil. Mag., 1926, 6, 401-422. 
't Conducticen ef Electricity through Gases, p. 378. 





electron 


V. — V. = Kdr 


when K_ = electron mass abs. coefficient 


d 


r 


density of matter traversed 
thickness of layer traversed 


the electron velocity at the outer face of 
the calorimeter was calculated at each 
experimental point, the first portion of the 
calculation accounting for the tube win- 
dow, the second for the air layer. The 
voltage drop for an electron at this ve- 
locity through one centimeter of air was 
next determined. The ratio of this drop 
to the total was calculated and applied to 
the energy derived at each distance on the 
conversion basis. Proceeding in this fash- 
ion, determinations were made at dis- 
tances from the tube window of 1, 2, 
2'/., and 3 inches, the output being found 
to be, respectively, 9.0 X 104, 4.0 X 104, 
1.6 X 10*, and 1.1 X 10* roentgens per 
second. These values are probably low, 
due to the fact that the assumptions 
mentioned are not strictly valid. 

The accuracy of the calibration proce- 
dure used with cathode rays is probably 
the lowest of the three sources. Errors 
of reading in the calorimeter and errors 
introduced by changing conditions within 
the copper cell itself, though minimized 
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by averaging a number of readings, were 
undoubtedly present, and cathode-ray 
scattering was unquestionably a vitiating 
factor. The measurements, however, are 
considered to be within the accuracy 


required for present purposes. 


CULTURE AND EXPOSURE OF POLLEN 
AND MOLD 


The method of pollen culture was 
essentially that of Jost,’* which has since 
been used with good success by a large 
number of other workers. Agar cultures 
of 2 per cent concentration by weight were 
made up with distilled water. In pre- 
liminary work, samples containing 5, 10, 
and 15 per cent by weight of cane sugar 
were used, but it was found desirable to 
eliminate this variable, and only 5 per cent 
cultures were used in the final work. 
Drops of culture medium were flowed 
onto 7.5 X 2.5 em. plain slides, or, in 
some cases, onto 2.5 X 2.5 cm. glass 
squares, and allowed to set. The pollen 
was sowed immediately before exposure 
to radiation. In one series of runs the agar 
was coated with a “‘sterile yeast’’ solution, 
prepared according to the directions of 
Brink** and carefully dried before inocula- 
tion of pollen. This was found, in con- 
formity to Brink’s work, to bring about a 
longer tube development and a higher 
total germination percentage, as indicated 
in the accompanying figures, but did not 
markedly affect the shape of the survival 
curve. 

A simple and rather thoroughly satis- 
factory method was developed for the 
sowing of the pollen, which eliminated, 
on the one hand, the clumping which 
results from dry sowing and which, be- 
cause of the limited penetration of cathode 
rays, should be avoided, and on the other 
the limited and thoroughly erratic germi- 
nation which frequently results from sow- 
ing on the surface of an evaporable liquid. 
A small clump of pollen was allowed to 
spread on a drop of water placed on the 


32 Jost, L.: Ber. deutsch. Bot. Ges., 1907, 23, 504 
515. 

1 Brink, R. A.: 
283-294. 


Am. Jour. 1924, Bot., 1924, 11, 


RADIOLOGY 


agar until a uniform, nearly equidistant, 
spacing of the grains was obtained. The 
water drop was then removed with filter 
paper and the slide quickly inverted in a 
desiccator over CaCl, and allowed to 
remain in this position until the agar was 
sufficiently hard so that each grain did 
not sink into a pit. The slide was then 
brought to its normal position, irradiated, 
and cultured in a humid chamber. One 
or two runs were made in a constant 
temperature incubator, but this proved 
an unnecessary refinement, since the rate 
of growth was not measured. A period 
of eighteen hours at room temperature was 
allowed for development, which proved 
sufficient to give good growth of pollen 
tubes without permitting the growth of 
molds. In a few cases, pollen after sowing 
was stored in a refrigerator in a moist 
atmosphere at about 4°C. for several 
hours before irradiation and culture. This 
proved permissible, since the pollen showed 
no visible tendency to germinate under 
these conditions, but was of undiminished 
vitality when brought to room tempera- 
ture. In the majority of cases, pollen 
was sown from anthers plucked directly 
from young flowers. In the few instances 
where it became necessary to harvest 
pollen, anthers were stored over CaCl 
in a refrigerator during the intervening 
period— procedure found quite satisfactory 
by Stout!* and Holman and Brubacher.’” 

Several means were adopted for con- 
venience in counting the germinated cells. 
The best of these proved to be a modified 
balopticon, in which the image of the 
pollen, under approximately 50 diameters 
magnification, could be thrown on a cross- 
ruled screen and examined with both 
eyes uncovered through a viewing hood. 
A record of count of more than 20,000 
grains was made. 

The procedure adopted in the case of 
mold spores differed but slightly from that 
used with pollen. In the case of low 
voltage x-rays and cathode rays, mold 

14 Stout, A. B.: Unpublished communication. 


15 Holman, R. M., and Brubacher, F.: Univ. Cal. 
Pub. Bot., 1926, 13 (10), 179-204. 
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spores were pressed from sporangia borne 
by mycelia usually less than forty-eight 
hours old onto clean 7.5 X 2.5 cm. glass 
slides. The slides were irradiated, and 
the spores clinging to them were then 
sown dry upon sterile cultures of prune 
agar. They were then cultured in moist 
sterile chambers at 30° C. for from twenty- 
four to thirty hours. In the case of high 
voltage x-rays, spores were sown on agar 
on 2.5 X 2.5 em. glass squares before 
irradiation. The elevated and constant 
temperature so accelerated development 
as to prove desirable. Dry sowings gave 
satisfactory results, and it was found better 
in the present case to examine the spores 
directly with the microscope in counting. 
Both spores and pollen grains were oc- 
casionally stained with I to facilitate 
counts. A record of count of 40,000 spores 
was made. 

The methods of exposure to radiation 
were essentially the same for pollen and 
molds. In the case of the high voltage 
x-ray tube and the cathode-ray tube, the 
area exposed was many times that oc- 
cupied by the sample, so that moderate 
evenness of radiation intensity throughout 
the sample was assured. With the low 
voltage tube, however, the irradiated area 
was of the same order of magnitude as 
that occupied by the sample. The posi- 
tion of the sample was carefully checked 
with a fluorescent screen in this case, and 
an additional check was afforded by the 
blackening of the glass over the exposed 
area, forming a sharply defined spot. 
In the case of the low voltage x-ray and 
the cathode-ray tubes the samples were 
exposed directly to the beams. The longer 
times required for inhibition with the 
high voltage source necessitated that the 
slides be enclosed in glass Petri dishes to 
prevent their drying. The measurement 
of incident energy in the latter case was 
made under a Petri dish cover, thus in- 
cluding such absorption and scattering as 
might take place there. 


RESULTS 


The results of each experiment were 


expressed in terms of the survival ratio 
as defined by Wyckoff,'® the ratio of the 
percentage of grain or spores showing 
development to those showing similar 
development in the controls. A control 
culture was made for each series of runs. 
A large number of preliminary runs was 
made, followed by a relatively small 
number of final tests, when the approxi- 
mate “‘lethal limit’’ was established and the 
technic of irradiation and culture properly 
developed. 


SOFT X-RAYS 


I. Molds.—Four series of final experi- 
ments, involving 7,800 spores, were made 
with mold, yielding the following results: 


TABLE I 


Test 2 4 6 8 10 12 14 
min. min. min. min. min. min. min 
0.80 0.40 0.16 0.16 0.12 0.05 0.04 
0.30 0.67 0.38 0.24 0:05 0:01 0.04 
0.86 0.54 0.19 0.21 0.11 0.06 0.06 
0.98 0.37 0.18 0.26 0.15 0.01 0.6 


ewe 


Average 0.85 0.47 0.23 0.22 0.11 0.03 0.04 

II. Pollen.—Five series of final experi- 
ments, involving 2,040 counted pollen 
grains, were made with soft x-rays, at 
exposures of 4, 6, 8, 10, 12, and 14 min- 
utes, as shown in Table IT. 


TABLE II 


Test 4min. 6min. Smin. 10 min. 12 min. 14 min. 


1 0.78 0.91 O.27 0.41 0.15 0.00 
2 1.40 0.52 0.52 0.0 0:06 0.00 
3 0.29 0.12 0.00 0.14 0.22 0.00 
4 0.41 1.50 1.10 0.78 0.41 0.00 
5 2-30 1:80 1.900 1:50 0:67 0.17 
Average 1.10 0.97 0.74 0.57 0:30 0.08 
HARD X-RAYS 
Molds.—Five series of final tests were 


made with hard x-rays, the number of 
counted spores being 15,000. Exposures 
were made with a time increment of ten 
minutes. The energy increment was thus 
3.0 X 104 roentgens, as against an in- 
crement of 4.2 X 10' roentgens at two- 
minute intervals with soft radiation. The 
rate of inactivation, however, proved much 


slower, so that exposures of 20, 30, 40, 
46 Wyckoff, R. W. G.: Jour. Exp. Med., Nov. 1, 
1930, 52, 769-780. 
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50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 
150, 160, and 170 minutes were made. 
In order to reduce the number of recorded 
trials, they were averaged in pairs, with 
the results shown in Table IIT. 
Pollen.—The procedure followed with 
pollen was the same as that with molds, 
except for differences in manipulation 
already indicated. It was decided, how- 
ever, to omit the last two exposure groups 
given in mold in which, as with mold, 
negligible germination would take place. 


CATHODE RAYS 


Mold.—Five runs were made with un- 
filtered cathode rays, involving a count 


of 9,000 spores, the results being as shown 
in Table V. 

Pollen.—Two sets of runs were made 
with cathode rays, involving 5,283 grains. 
The first, including three sets of experi- 
ments, was done, as in the previous cases, 
only with pollen of L. longiflorum, and 
from this the energy value of inactivation 
used in comparison with the inactivating 
energy dose from other sources was taken. 
In the second series one of the runs of 
the first group is compared with runs of 
pollen of three other species under the 
same conditions. The results were quite 
closely similar. The inactivation range 
was such that exposures were made be- 
tween distances of one inch and three 


TABLE III 
Test Min. Min. Min. Min. Min. Min. Min. Min. 
- 20-30 40-50 60-70 80-90 100-110 120-130 140-150 160-170 
1 0.93 0.80 0.64 0.54 0.43 0:21 0.26 0.00 
2 0.87 0.90 0.49 0.56 0.35 0.30 0.05 0.00 
3 0.87 0.66 0.18 0.07 0.01 0.00 0.00 0.00 
4 0.79 0.78 0.44 0.38 0.26 0.15 0.03 0.04 
5 0.85 0.76 0.50 0.46 0.14 0.07 0.00 0.02 
Average 0.86 0.78 0.45 0.40 0.24 0.15 0.07 0.01 
TABLE IV 
Test Min. Min. Min. Min. Min. Min. 
20-30 40-50 60-70 80-90 100-110 120-130 
1 0.37 1.20 1.00 0.49 0.30 0.41 
2 0.88 1.10 1.10 0.93 0.96 0.00 
3 0.39 0.12 0.10 0.00 0.02 0.07 
4 0.32 0.24 0.26 0.01 0.01 0.01 (120 only) 
5 0.51 0.63 0.28 0.08 0.10 0.42 (120 only) 
Average 0.49 0.66 0.55 0.30 0.28 0.18 
TABLE V 
Test 2in. 2!/gin. 2'/,in. 23/sin. 3in. 3'/gin. 31/oin. 33/,in. 4in. 
1 0.00 0.02 0.03 0.13 0.40 1.00 1.00 0.92 1.00 
2 0.00 0.00 0.05 0.00 0.30 0.84 0.85 0.91 0.89 
3 0.00 0.00 0.00 0.00 0.26 0.56 0.76 0.78 0.90 
4 0.05 0.05 0.08 0.25 0.38 UR Wg 0.74 0.68 0.85 
5 0.03 0.47 0.51 0.61 0.91 0.82 0.87 0.90 0.87 
Average 0.02 0.11 0.13 0.20 0.45 0.68 0.84 0.84 0.90 
TABLE VI 
Test lin. U/gin. U/gin. 13/,in. 2in 2'/,in. 2'/ein. 2%/,in, 3in. 
1 0.00 0.00 0.01 0.01 0.00 0.02 0.00 0.05 0.32 
2 0.00 0.00 0.00 0.00 0.00 0.00 0.04 0.04 0.07 
3 0.00 0.00 0.00 0.01 0.50 0.39 0.82 1.00 Be ht 
Average 0.00 0.00 0.00 0.01 0.16 0.14 0.29 0.36 0.50 
Species 1 in. I'/,in. I/ein. 134,in. 2in. 2!'/,in. 2'/,in. 23/,in. 3in. 
L. longiflorum 0.00 0.00 0.00 0.01 0.50 0.39 0.82 1.00 ee 
L. henryi 0.00 0.00 0.00 0.03 0.79 0.89 ii 0.70 1.00 
L. euratum 0.00 0.00 0.00 0.01 0.87 0.84 1.11 0.72 1.00 
L. speciosum 0.00 0.00 0.00 0.01 0.85 0.55 0.44 1.00 1.00 


Average 0.00 0.00 0.00 


0.02 0.75 0.67 0.87 0.86 1.04 


erro 


ah FE nA DED EL SRS 














DotA FE SEDER TE BIS es pr 











HASKINS AND MOORE: INHIBITION OF GROWTH IN POLLEN 717 


inches from the window instead of be- 
tween two and four inches as with the 
mold spores, the increment being, as be- 
fore, one-quarter of an inch. 


DISCUSSION 


It seemed possible that the inactivation 
with x-rays or cathode rays might be due 
to other things than the primary beam, 
or the x-rays produced or electrons re- 
leased within the tissues of the material. 
Secondary x-rays from the glass of the 
microscope slides, chemical changes 
brought about within the irradiated agar 
or even at the glass surface might well be 
considered vitiating factors. To check 
these points, agar samples were made up 
on glass slides, and after x-raying at the 
lower voltage, were sown with untreated 
pollen. Germination was perfectly nor- 
mal. Agar samples were then made up 
on strips of cellulose acetate, inoculated 
with pollen, and rayed. The rate of in- 
hibition was not appreciably changed, al- 
though the secondary radiation from the 
acetate would be supposed to be of a 
different character from that of the glass. 
The authors were satisfied that the order 
of magnitude of errors resulting from such 
effects was not such as to interfere with 
their results. 

It is to be seen that mature pollen of 
the Easter lily exhibits a remarkable 
tolerance for x-rays and cathode rays, 
which is shared by other species in the 
case of the latter. A similar tolerance is 
evident with the molds. Thus, if the 
number of roentgens of incident energy be 
tabulated in runs for pollen grains and 
mold spores for the three energy sources 
in which the survival ratio fell nearest 
to 0.5, the result is as shown in Table VII. 
It will be noticed that, for the two ma- 
terials, there is rather close correspondence 
in the energy input required to reduce the 
survival ratio to approximately the same 
figure. 


It is interesting to read Table VII in 
the other direction, and consider, for the 
same material, the comparative energy 
required: to reduce the survival ratio to 
approximately the same figure for the 
three energy sources. It will be seen that 
this input is greater with hard x-rays than 
with soft x-rays by a factor of about 2.1 
for mold and about 6 for pollen. This 
deviation, although in the direction which 
might be expected, is probably of no sig- 
nificance in the case of mold, and cer- 
tainly of none, for reasons later to be 
mentioned, in the case of pollen. The 
same is true for cathode rays. 

To make certain that cathode-ray par- 
ticles, known to discharge a very large 
proportion of their energy near the end 
of their paths, were not passing through 
the cell tissue and into the material be- 
hind it in quantity, the following experi- 
ment was undertaken. If this were true, 
it should be possible to lower the mean 
velocity of electrons in the cathode beam 
to the point where they would be absorbed 
in the cell tissue. If exposures be made 
with increasing filter thickness, it should be 
possible, at some point between normal 
killing and complete shielding, to produce 
a marked increase in effectiveness of the 
treatment, corresponding to a critical 
electron velocity. This experiment was 
carried out. Mold spores were exposed 
to the cathode beam in the usual fashion, 
at distances of 1, 2, 3, and 4 inches, in 
groups screened with one, two, and three 
‘‘Resistol’”’ windows of 0.6 mil- thickness, 
exactly similar to that used on the tube 
itself. A control was run with each group, 
and survival ratios, obtained as usual, 
were as shown in Table VIII. 

It will be seen that, although the survival 
ratio for each exposure increases progres- 
sively with increased shielding, there is 
in every case a smooth and regular de- 
crease of survival ratio with increase 
of exposure. In no case is there any indi- 


TABLE VII 
Material Soft X-ray Hard X-rays Cathode rays 
S.R. Energy input S.R. Energy input S.R. Energy input 
Mold 0.47 84 X 10'r 0.45 1.8-2.1 K 10°r O46" kT M16 se 
Pollen 0.57 3.0 X 10‘r 0.55 1.8-2.1 XK 10 r 0.50 1.1. ¥ 10°F 
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TABLE VIII 


1 Window 
2 in. 3 in. 4in. Control 
.00 0.76 1.00 1.00 
.02 0.75 0.95 1.00 
.03 0.57 0.82 1.00 
00 0.56 0.71 1.00 
.00 0.89 1.00 1.00 
1 


Ol 0.71 0.90 .00 


Ot be CO ND 


2 Windows 
00 1.00 1.00 .00 
42 96 1.00 1.00 .00 
00 0. 0.87 1.00 .00 
9.00 i 1.00 1.00 .00 
.00 J 0.76 1.00 .00 


Average 08 0.93 1.00 00 


3 Windows 
.00 1.00 1.00 .00 


76 a4 1.00 1.15 00 
1.00 00 


26 54 1.00 

56 65 1.00 1.00 00 

56 1.00 1.00 .00 
1.03 00 


Average 0.43 79 1.00 
cation of a break such as would be ex- 
pected if a critical electron velocity is 
required for killing. 

It is to be remembered that the treat- 
ment of data throughout has been purely 
qualitative and is to be taken as such. 
Only on this condition, for example, has it 
been considered justifiable to take averages 
of certain of the pollen readings. 

It is evident that certain pollens possess 
properties which a priori recommend them 
for use as biologic media in radiation work. 
The pollen of the diploid lilies is sus- 
ceptible to ready germination in artificial 
culture, requires but a few hours to attain 
a growth which will permit of a rapid 
statistical evaluation, is conveniently large, 
produces a tube which is non-branching 
and usually straight enough to be measured 
with fair accuracy, can be spread evenly, 
and can be readily cleared, if necessary, to 
view the nuclei. The disadvantages of the 
material are grave, however, and demand 
a refinement of technic without which 
pollen may well be disqualified for this 
work. Chief among these is the unusual 
capriciousness of germination, which has 
been emphasized by a number of workers,*’ 
and notably by Brink,’* and with which 


17 Bucholz, J. T., and Blakeslee, A. F.: Am. Jour 


30t., July, 1927, 14, 358 369 


we have had extensively to cope. Varia- 
tions in concentration of available oxygen 
and hydrogen, in hydrogen ion concentra- 
tion of the medium, in humidity and 
temperature, are all reflected in germina- 
tion rates and percentages. In addition, 
there is a large deviation depending upon 
the proximity of the grains to one another, 
as Brink has shown for Cucumis and 
Nicotiana and as we have been able to 
confirm for some of the lilies. Finally, 
there is a surprising variability, even from 
anther to anther of the same flower, in 
the viability of different samples of pollen 
germinated under the same conditions, 
which cannot be accounted for. These 
difficulties, however, are very largely tech- 
nical, and it should be possible to over- 
come them. 
CONCLUSIONS 

Qualitative evaluations of the survival 
ratio curves of inhibition to pollen tube 
and mycelial growth in pollen grains and 
mold spores have been made with soft 
x-rays, hard x-rays, and cathode rays. 
Energy measurements have been made of 
the three sources in the same units, and a 
comparison of the incident energy inputs 
required to produce roughly equivalent 
survival ratios in the same material has 
been made for the three sources. The 
incident energy required for hard x-rays 
has been found greater than that for 
soft x-rays by a factor of about 2.1 for 
mold and about 6 for pollen—-a disparity 
which may not be significant. The dis- 
parity between cathode rays and _ soft 
and hard x-rays is not considered sig- 
nificant. 

A comparison has likewise been made of 
the relative resistance of pollen grains 
and mold spores to the same form of 
energy. The reaction of the two types of 
organism was closely similar. 

A study has been made of the suita- 
bility of the pollen of the diploid lilies as a 


Futt, N. L., and Ayyar, G. G.: Agric. Jour. India, 
May, 192%, 23, 190-202. 
* Brink, R. A.: Am. Jour. Bot,, April, 1924, 11, 
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biologic medium for radiation work. It 
has been found to possess many desirable 
properties but certain undesirable fea- 
tures which, if not technically overcome, 
will invalidate it as reliable material. 
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THE APPLICATION OF KYMOROENTGENOGRAPHY TO THE 
DIAGNOSIS OF CARDIAC DISEASE’ 


PART II 
By I. SETH HIRSCH, M.D., New York City 


Professor of Radiology, New York University and Bellevue Hospital Medical College 


N the consideration of the application 
of roentgenkymography to the study 

of the abnormal heart it is important 
to understand at the outset that the 
kymographic wave is not a mystic symbol 
capable of expressing the particular disease 
of the heart. It expresses only the move- 
ment phenomena of the heart and indicates 
the deviation from the normal, only insofar 
as the particular lesion affects the move- 
ment. 

Deviations of the kymographic waves 
from the normal may result either from: 

(1) Disturbances of rhythm which pro- 
duce variations in the character and perio- 
dicity of the movements. 

(2) Intrinsic changes in the muscle it- 
self, hypertrophy, atony, or degeneration. 

(3) Extracardiac influences which mod- 
ify the anatomic relationships of the heart 
and the intrathoracic pressure changes. 

(4) Changes resulting from valvular 
defects which produce abnormal vibrations 
and variations in the chamber movements. 

(1) Changes resulting from disturbances 
in the character and periodicity of movement. 
Cardiac Irregularities.p-—By a study of 








1 Read before the Fourth International Congress of 
Radiology, Ziirich, July, 1934. 

2 Paroxysmal tachycardias and premature beats 
(or extrasystoles) are of three types: auricular, ven- 
tricular, and nodal, depending on the origin of the 
“ectopic” stimuli either in the auricles, ventricles, or 
auriculoventricular node. The determination of the 
type is important because of the varying prognostic 
significance of the different types and because they 
may be associated with otherwise unrecognized heart 
disease. For the study of cardiac irregularities, it is 
necessary to increase the number of cycles in each frame. 
This may be done by covering every other or every 
second and third slit and thus increasing the duration 
of movement of the recording surface. This has the 
deficiency of diminishing the number of movement 
points. It, therefore, becomes necessary to adjust the 


slits so that movements of special points of the cardiac 
contour are recorded, for instance, the left ventricular 
contour, the left auricular contour, the right auricular 
contour, and the vascular contour. 
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successive cycles, the presence of dis- 
turbance in rhythm may be demonstrated 
by noting the variations in the amplitude 
and time relationships of the waves. Sinus 
arrhythmias, extrasystoles, auricular fibril- 
lation and flutter, and heart block may thus 
be graphically demonstrated. 

In auricular tachycardia the compression 
which the waves undergo is such as to 
blot out their individuality, so that there 
is produced a blurred, serrated outline. In 
ventricular or nodal paroxysmal tachy- 
cardia, the auricular waves maintain a nor- 
mal contour, as the frequency is not in- 
creased. 

Each frame over the ventricular contour 
contains two or more waves, depending on 
the rate. The wave is high and its con- 
tours steep. The diastolic limb shows a 
relative shortening, and approximates a 
straight line. There may be a slight blunt- 
ing of the apex of the wave, due to a rela- 
tive slowing up of the presystolic outward 
movement. The sound phenomena vibra- 
tions are not usually visualized. 


Ventricular extrasystoles may be recog- 
nized by finding over the left ventricular 
contour, an interruption of the sequence 
of regular waves, by a wave of smaller 
amplitude, the extrasystole. This is fol- 
lowed by a wave of enlarged amplitude 
with a slow diastolic rise. The systolic 
limb of the extrasystole is relatively slow 
as compared to the normal wave preceding 
it while that of the compensatory wave, 
after the extrasystole is longer than normal. 
The extrasystolic wave appears earlier in 
the apical than in the basal portion of the 
heart and travels upward. 

The corresponding change in the move- 
ment traced by the aorta depends upon the 
time relationship between the premature 
beat and the normal beat which preceded 
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it. If the premature beat is one in which 
the contraction has taken place so early 
that the pressure is not sufficient to open 


Heart block is detected by a comparison 
of the frequency of auricular and ventricu- 
lar contractions. Since the auricular 





Fig. 1-A. Figs. 1-A, 1-B, and 1-C, are kymograms representing different 
types of heart action. Slow ventricular waves are to be noted over the left 
contour in frames from 1 to 8 but also over the lower right contour in frames 
from | to 7 indicating that the lower right contour in the living is always formed 
by the right ventricle—more so in vertical than in horizontal hearts. 


the aortic valve, etc. (frustrated contrac- 
tion), no corresponding wave is registered 
on the aortic shadow. On the other hand, 
the prolonged filling of the left ventricle, 
following the extrasystole and its sudden 
emptying after the compensatory pause, 
results in an aortic wave of increased 
amplitude. When the extra-ventricular 
waves are visualized in the upper part of 
the ventricle only, they are not associated 
with corresponding aortic waves. 


waves do not now regularly bear the im- 
print of the ventricular wave, pure un- 
deformed waves of auricular origin may be 
demonstrable. There may be considerable 
variation in the number of auricular 
systoles that occur during ventricular 
diastole in the same frame. The ventricu- 
lar waves are irregular in sequence and 
amplitude, but generally show a marked 
increase in amplitude. This is due to the 
effect of a greater number of auricular 





systoles in cycles when the larger ventricu- 
lar excursion is noted and to the increased 
left auricular pressure. 











tion of the wave is deformed by prominent 
serrations corresponding to the first heart 
sound. The location of the break on the 
diastolic limb varies in different waves. 
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The apical por- in form. 





Fig. 1-B. The left ventricular contour in the lower nine frames bears promi- 
nent ventricular waves of practically equal altitude, indicating a uniform motion 
of all parts of this chamber. In the valleys of the ventricular waves in frames 
8 and 9 are small peaks—left auricular motion. The auricular appendix (frames 
10 and 11) shows motion of the ventricle and auricle, these frames showing two 
sharp peaks, auricular movement and two blunt waves, ventricular movement. 
Frame 12 shows the pulmonary artery waves and lateral to it waves indicating 
the movement of two parallel vessels which extend toward the apex. Frames 
13 to 16 bear aortic waves; in 17 to 21 the waves are those due to motion of the 
left subclavian artery. Ventricular waves are seen over the lower right con- 
tour to frame 7. Frames 7 to 9 bear right auricular and ventricular, while 10 
to 14 show a continuation of high sharp aortic waves in the valley between which 
is a blunt peak, auricular in origin, motion transmitted into the vena cava. 


In total block the two limbs of the ven- 
tricular waves may be practically identical 













In auricular fibrillation the regular se- 
quence of distinct and definite waves is 
replaced by irregular, ill-defined serrations, 
or there may be a complete absence of 
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peaks over the entire right contour from 
diaphragm to the aortic shadow. On the 
ventricle the diastolic limb of the wave 
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Fig. 1-C. Rapid heart action. Note the increase in number of the waves in 
each band. The striking changes in the physical density of the heart during the 
cycle of movement are shown by the alternating black and white zones in every 
band. 

In 7 and 8 on the left side, the peaks are blunted because they are now com- 
posite waves indicative of ventricular and auricular motion. Pure left auricular 
waves may be seen in frame 8 in the right contour. On the right side in 6 and 
7 the frames bear a combined auricular and ventricular wave. In this habitus, 
therefore, a small portion of the left auricle forms the upper right cardiac 
contour. In A the ventricular waves are rounded (sine form), the legs being 
curvilinear. In B the ventricular waves are trapezoid or pointed, the legs 
being rectilinear. In C the ventricular waves are sharply peaked and steepled. 
The amplitude of the contraction over different portions of the left ventricle is 
practically the same. In A the heart action is slow. In B the heart action 
has a medium rate. In C the heart action is fast. 
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(2) Intrinsic changes in the musculature, 
hypertrophy, atony, or degeneration. 
The kymographic waves are modified, 


is prolonged and the systolic relatively depending on the extent of the muscular 


shortened. 
amplitude. 


The peaks are of unequal change. 


Whenever excessive volumes of blood 
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Fig. 2-A. 


Fig. 2-B. 


Fig. 2-A. Kymogram of normal young adult taken in inspiration. 
Fig. 2-B. Kymogram of same subject taken 10 seconds after the Valsalva procedure (deep inspiration, fol- 


lowed by forced expiratory effort with mouth and nostrils closed). 


has grown generally smaller. 


There is to be noted first, that the heart 


It is also more rounded, due to a protrusion in the left auricular region, and 


the waves over the left ventricle have lost their peaks and have become blunted and rounded, the second 


phase of diastole being practically a plateau. 


empties itself more freely than it fills. 
cycle during the test. 


are returned to a chamber of the heart, 
or when the ejection is below normal, dila- 
tation follows. The ventricles resist this 
stretching by virtue of a muscular tone 
inherent in the living normal cardiac 
muscle. When the normal resistance to 
stretching is diminished or lost through a 
reduction or loss of muscular tone, the 
diastolic distention becomes pathologic. 
In beginning dilatation, the ventricular 
waves have cousiderable height, even in re- 
pose and respond to the slightest exertion 
by a further increase in altitude. The 
diastolic period seems shortened and the 
systolic period somewhat lengthened. 
Under pathologic conditions of dimin- 
ished tone, the systolic discharge is ap- 
parently kept normal or is actually some- 


The heart has slowed down somewhat. 
are of increased amplitude and the pulmonary artery waves are of diminished amplitude. 


The aortic contractions 
Thus the heart 


Actually, both margins, particularly the right, move inward with each 
This reaction cannot be induced in hearts showing hypertrophy. 


what increased by a compensatory mechan- 
ism—increased initial pressure. This is 
shown by the presence of ventricular 
waves, the diastolic limb of which is 
rounded (convex) and the systolic concave. 
The waves are devoid of sound phenomena. 
When the compensatory mechanism fails, 
the systolic discharge is apparently less 
than normal in spite of a much greater 
distention. This is shown by diminished 
ventricular movement. There may, in 
fact, be a complete abeyance of the move- 
ment of the apical portion of the heart, 
this contour bearing no waves and show- 
ing straight edges. Should the condition 
of the heart muscle improve under thera- 
peutic measures, the waves may again be 
found over the contour. 
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In concentric hypertrophy of moderate 
degree, without dilatation, there is no 
change in the morphology of the wave. 
When, however, the dilatation is associated 
with hypertrophy well-defined waves are 
present only over the upper part of the ven- 
tricular shadow, the apical portion showing 
diminished movement. In cardiac failure 
the amplitude of the waves diminishes until 
it becomes barely perceptible and with 
this there are marked morphological and 
dimensional changes. When the waves of 
exaggerated amplitude change to waves 
of lessened amplitude, with a continued 
increase in the size of the heart, it is a sign 
of serious prognostic import. Small ven- 
tricular waves do not, however, always 
indicate myocardial insufficiency. Ex- 
tremely small ventricular waves are pres- 
ent in certain cases of mitral stenosis when 
the left ventricle is small—the cardiac 
contour and size must be taken into con- 
sideration. Reduced apical movement is 
also commonly found in senile hearts, but is 
also found normally. 

The left ventricular motion has been 
divided into two types by Stumpf. In 
Type I the amplitude of the kymographic 
wave is greatest at the apex, and in Type 
II the maximum amplitude of the kymo- 
graphic wave is at the base. Stumpf states 
that a great majority of normal hearts 
show Type I movement and that although 
Type II is occasionally observed in normal 
hearts, it is seen regularly in pathologic 
hearts. This change in movement is in- 
terpreted in terms of structural changes, 
on the basis that hypertropy or atrophy 
occurs in zones and only seldom affect the 
whole muscular apparatus uniformly. The 
outlet passage always hypertrophies first 
and to the greatest extent in the left 
ventricle, which brings about a change of 
the volume of the movement in correspond- 
ing zones, 1.e€., increase in movement 
cranially (Type IT). 

The above conclusion for normal hearts 
are not confirmed in a series of 121 ex- 
amination of young adults. While it is 
true that many hearts show a predominant 
motion at the apex (Type I) and others a 
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Diagram I. Analysis of 34 kymograms showing the 
point of maximum movement of the left ventricular 
contour. Maximum amplitude at the apex is illus- 
trated in C-6, D-7, E-5, and toward the base in B-7, 
C-1 and E-4. A-3 shows the greatest amplitude of 
motion in the middle portion of the ventricular con- 
tour, while in B-2 and A-4 the amplitude is large at 
the apex and base and smallest in the middle region. 


maximum movement toward the base 
(Type II), there is a large group which 
shows no gross preponderance at any one 
region. A few show maximum movement 
in the middle zone of the left ventricular 
shadow, although the amplitude of motion 
as a rule is least in the middle zone. Not 
infrequently there are found kymograms 
with large amplitude of motion both at 
apex and base with small movement in the 
middle. Type II movement is regularly 
found in normal hearts and by no means 
limited to pathologic hearts. 

In a series of 121 cases, 80 showed a pre- 
dominant movement varying from slight 
to marked, either at apex or base. Of these 
80, 44 had movement greatest at the base 
(Type II), and in 36 the movement was 
greatest at the apex (Type I). The re- 
maining 41 cases showed no preponderance 
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Fig. 3-A. 
Fig. 3-A. 


the heart has grown generally larger. 
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Kymogram of a normal young adult taken in moderate inspiration. 

Fig. 3-B. Kymogram of the same subject taken 10 seconds after the Miiller procedure (deep expiration 
followed by forced inspiratory effort with nose and mouth closed). 
It is the right heart which is primarily involved in this enlargement 





Fig. 3-B. 


There is to be noted in this figure that 


because the emptying of the right ventricle is retarded. The waves of the right ventricle have greater am- 


plitude than those of the left. 


artery pulsations are more prominent than the aortic. 


at the pulmonary valves or beyond it. 


at any poini, large amplitude at apex and 
base with smaller amplitude between, and 
in a few cases maximum amplitude in the 
middle region (Diag. I). 

To sum up the findings, it may be said 
that degenerative myocardial changes of 
sufficient severity to produce electrocardio- 
graphic changes are always associated with 
kymographic changes. 

Degenerative changes in the aortic wall 
result in sclerosis, calcifications, and aneu- 
rysmal dilatations. Sclerotic changes of 
the aorta are ordinarily shown by a widen- 
ing, elongation and tortuosity and a 
sharply projecting aortic arcus. The aor- 
tic waves usually show no deviation from 
the normal in simple sclerosis. The associ- 
ated ventricular hypertrophy may, how- 
ever, produce waves of increased ampli- 
tude. In the presence of calcification, the 
peaks become flatter and the amplitudes 
smaller. In annular calcifications of the 
entire aortic wall, this phenomenon is very 
pronounced. The lateral motion is of 
small amplitude, the point of maximum 


Prominent waves are noted over the vena cava shadow. 


The pulmonary 
This is the counterpart of the picture of obstruction 


dilatation is attained late, and the peak 
loses its characteristic sharpness. Never- 
theless, distinct motion can be seen even 
in very marked calcifications. 

In hypertension, the amplitude of the 
aortic waves is small, and the apex is 
blunted in spite of the large ventricular 
waves. 

The amount and extent of movement in 
aneurysmal dilatations is variable, and de- 
pends on the extent of the clot formation in 
the wall of the sac. The characteristics of 
the aortic wave are not changed over the 
aneurysmal area, though a slight delay in 
point of time may be found on comparing 
the peak of the outward thrust to that of 
a wave over a normal portion of the aorta. 

Aneurysms of the ascending aorta usu- 
ally show very pronounced excursions. 
The form of the wave deviates from the 
normal. The inward and outward moving 
limbs resemble each other. In point of 
time, the peak of the wave is attained 
late—at the end of ventricular systole. 
The end of the medial motion is attained 














HIRSCH: 


a % 


ge es 
oe ae ( 


lle 


ol Ll 


Fig. 4. Kymographic examination of the esopha- 
gus after the administration of a contrast bolus. 
A kymographic examination of the esophagus gives 
considerable information regarding the movement 
of the cardiovascular structures in relationship to it. 
In the ordinary fluoroscopic examination, only the 
lower portion of the esophagus shows definite move- 
ment. The kymographic examination, however, 
shows that every portion of the thoracic gullet 
shows definite movement imparted to it by the par- 
ticular cardiovascular structure in relationship to it. 
In the lower portion, two waves are shown indenting 
the gullet shadow in each band, one due to auricular 
diastole and one to ventricular diastole. Above, 
the aorta imposes its movement in varying inten- 
sity upon different portions of the esophagus. Con- 
siderable information regarding the auricular move- 
ments may be obtained by this method because of 
the large extent of auricle in relationship to the 
gullet. 


simultaneously by all portions of the vessel. 

Aneurysms of the descending aorta show 
as protrusions to the left, but may also 
show to the right. Aneurysmal sacs ex- 
tending toward the right usually bear no 
waves. 

The peculiar character of the wave over 
the aneurysmal sac, the wave with sym- 
metrical limbs, permits the differential 
diagnosis of this lesion from mediastinal 
tumors either motionless or moved by 
transmitted pulsations. 

The presence of small and thin areas 
of calcification, frequently not detectable 
on the ordinary roentgenogram, are clearly 
shown in the kymographic waves. 

Aneurysms of the Heart.—Partial an- 
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Fig. 5. Hypertension. There is exaggerated move- 
ment of the left ventricle as shown by waves of con- 
siderable amplitude. The aortic waves are relatively 
low, a characteristic of hypertension. Even in this 
individual of the supersthenic habitus, pure left ven- 
tricular waves are seen in the lowest bands on the right 
side. 


eurysms of the heart may be overlooked 
by fluoroscopy, not only when located in 
the apex or in the antero-inferior wall of 
the right ventricle, but even when located 
in the lateral aspect of the ventricle. When 
the pocket produces an actual localized 
projection of the left contour, the lesion 
may sometimes be isolated by the usual 
roentgenological methods. Partial an- 
eurysms may, however, be shown kymo- 
graphically by waves of diminished ampli- 
tude over a localized area of ventricular 
contour with normal waves above and be- 
low the area. This is also the finding when 
the sac is small. When an actual sac is 
present there is a definite reversal of the 
waves over a localized area. With each 
systole the inward moving limb is replaced 
by an outward diastolic movement be- 
cause the walls of the sac, having lost 
their contractibility, the sac becomes dis- 
tended by the systolic pressure in the 
ventricle. In other words, there is present 
in the ventricular contour a wave having 
the time and form characteristics of the 
aortic wave. 
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Fig. 6. Kymogram of a case of aortic stenosis 
with marked left ventricular enlargement. Aortic 
waves of increased amplitude are seen over the entire 
aortic contour. Normal ventricular waves are 
present over the lower right contour (right ven- 
tricle). Over the lower part of the left ventricular 
contour, are waves which have the general charac- 
teristics of aortic waves. The peaks correspond 
almost exactly to the maximum ventricular systole. 
In other words, this portion of the heart contour 
moves outward when the remaining portions of the 
ventricle move inward. This would indicate an 
area of myocardial degeneration and a ventricular 
aneurysm. 


(3) Extracardiac influences which modify 
the anatomic relationships of the heart and 
the intrathoracic pressure changes. 

The lungs appear to exert a dampening 
or cushion effect on the heart movements. 
Thus in pneumothorax, the waves over 
the particular portion of the heart in 
relationship to the air-containing cavity 
show a markedly increased amplitude, 
while pleural effusion and consolidation 
have the opposite effect on contiguous por- 
tions of the heart. 

By giving a graphic record of the move- 
ment of structures, the kymogram is of 
value in the differential diagnosis of 
pericardial from cardiac lesions. 

In pericardial effusion, the waves are 
markedly diminished in amplitude and 
ill-defined over the basal portions of the 
deformed median shadow, yet show good 
form and amplitude over the apical por- 






Fig. 7. Kymogram and EKG of a case of syphil- 
itic stenosis beyond the pulmonary valves with 
complete heart block. Note the exaggerated ampli- 
tude of the ventricular waves present on both sides 
of the cardiac contour—the right auricular waves 
of high amplitude are interposed between the ven- 
tricular waves. The pulmonary artery waves are 
more prominent than the aortic. A correlation 
with the EKG shows a variation in the shape of the 
diastolic limb of the ventricular wave due to a varia- 
tion in the point of the break of the wave. This is 
due to the variation in the time of the auricular 
systole (P wave). The T wave does not end with 
the end of systole in every cycle. It seems to shift 
about. 


tion. In cardiac hypertrophy the waves 
may be diminished over apical portions of 
the heart, but the upper part of the ventri- 
cular contour shows characteristic waves. 
However, in large effusions there is a lack 
of clearly defined waves over the entire 
median shadow. Density changes, corre- 
sponding to systolic and diastolic volume 
of the heart may, however, be made out, 
and the heart contour may be recognized 
in the sac. 

The distortion of the lower left cardiac 
contour and the left apex by a mediastinal 
pleural exudate extending to the left can 
be differentiated from heart form of peri- 
cardial effusion by the finding of kymo- 
graphic waves of unchanged amplitude 
and form, over the area. 

Calcification of the pericardium does not 
modify the size or character of the waves 
to any appreciable extent. Pleuro-peri- 
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cardial adhesions, however, diminish the 
amplitude of the waves over the involved 
area. 

The kymogram is of value for the deter- 
mination of the significance of distortions 
of the upper median shadow. Fluoroscopy 
does not always permit of the differentia- 
tion of the vascular pulsations from the 
transmitted movements, and the kymo- 
graphic study is helpful under such cir- 
cumstances. Tumors, substernal thy- 
roids or cysts, etc., usually show no move- 
ment waves. A deformity of the median 
shadow due to aortic dilatation would 
show definite aortic waves associated with 
density changes. The transmitted pulsa- 
tions show as waves without density 
changes. 

Tumors of the mediastinum are gener- 
ally motionless. Encysted effusions may 
show transmitted pulsations. 

Besides this, the entire extent of the 
pulsating structure may be studied in the 
conglomerate shadow of the mediastinum, 
and the continuity of shadows, otherwise 
demonstrable with difficulty, may be de- 
termined. Thus the entire extent of the 
aorta may be determined with ease in the 
kymogram. 

(4) Modification of the kymographic waves 
resulting from changes due to valvular de- 
fects. 

Among the results of valvular disease 
are: (1) A variation from the normal 
state of filling of the chambers related to 
the valve involved; (2) Secondary and 
compensatory changes in the muscle walls. 

The valvular lesions are manifested by: 
(1) Changes in the distribution of the 
waves; (2) Changes of the character of the 
waves and their dimensional relation- 
ships; (3) Changes in time relationships 
of the various phenomena of the cycle; 
(4) Changes in the vibrations associated 
with the sound phenomena. 

It is important to attempt to distinguish 
between the effects of the disturbed val- 
vular action and effects of the abnormal 
anatomic and physiologic activity of the 
myocardium—not a simple task at this 
stage of the art of kymographic diagnosis. 
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Fig. 7 


A clue to the changes produced by 
variations from the normal state of filling 
of the chambers may be found by making 
kymographic examinations during such 
procedures as the Miiller and the Valsalva 
tests, which, by producing changes in 
intrathoracic pressure, artificially repro- 
duce some of the changes found in organic 
lesions. 

A kymogram made during the Miiller 
test illustrates how the heart chambers ac- 
commodate themselves to a temporary 
ventricular overfilling. This test produces 
an effect similar to that which exists when 
there is an obstruction to the flow of blood 
from the right ventricle, as, for instance, 
in stenosis of the pulmonary artery, or an 
obstruction in the pulmonary circulation. 
The kymographic exposure is made a few 
seconds after a maximum expiration, fol- 
lowed by an inspiratory effort with nostrils 
and mouth closed. It shows graphically, 
a rapid enlargement of the heart with each 
cyle and growing prominence of the right 
contour waves over the left, both auricular 
and ventricular. The waves on the vena 
cava shadow are of increased amplitude, 
while the aortic waves show diminished 
amplitude. (Fig. 3.) 

A kymogram made during the Valsalva 
test illustrates how the heart chambers ac- 
commodate themselves to a decreased in- 
flow. By this procedure the heart is 
gradually emptied of blood. The kymo- 
graphic exposure is made a few seconds 
after a maximum inspiration, followed by 
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Fig. 8-A. 


Fig. 8. Kymogram of a case of mitral stenosis and insufficiency: 
The characteristic contour may be made out. 
The ventricular waves are also prominent over almost the entire 
The first phase of diastole is shown as a straight line without the usual break. Then follows a 


graphic examination. 
prominent pulmonic and auricular waves. 
right contour. 


plateau indicating the absence of movement of the left ventricle, to be followed by a rapid systole. 


Fig. 8-B. 


A Regular examination; B Kymo- 
Note the inconspicuous aortic waves, the 


On the 


right side the waves over the lower portion also show this characteristic, while over the upper portion of the 
right contour, the waves are rounded. The sound waves do not show. 


a forced expiration with mouth and nostrils 
closed. The emptying of the heart ex- 
ceeds the filling with each cycle and the 
kymogram shows graphically how the heart 
grows smaller in size with each contrac- 
tion. All parts of the heart are simultane- 
ously affected. The margins continue to 
move in until the heart attains 1ts mini- 
mum dimension. The ventricular and 
auricular waves show a gradually dimin- 
ishing amplitude with increase in the intra- 
pulmonary pressure. (Fig. 3.) 

The changes in the size and shape of 
the chambers, which give the cardiac sil- 
houette its characteristic shape in various 
valvular lesions, naturally modify the 
normal distribution of the kymographic 
waves. 

The accentuation of the right contour as 
found in organic lesions of the heart may be 
due to either enlargement of the right auricle 
or of the left auricle. If due to the right 
auricle, the whole profile may bear auricu- 
lar waves which may show peaks sur- 
mounting in altitude those imposed on the 
auricular contour by the ventricle. 

In consideration of the changes pro- 
duced by left auricular enlargement it is 





important to understand that the cavity 
of the left auricle, sometimes normally, 
but always under pathologic conditions, 
may not only extend to the left, in back of 
the pulmonary artery, but may also extend 
to the right, sometimes only to the right, 
behind and above the right auricle. The 
right contour now consists in its upper 
third of the left auricle, which overlaps 
the aortic shadow above and the right 
auricular shadow below. But under such 
conditions, the kymographic waves of 
the upper part are not auricular in time or 
character, for the contour passively follows 
the movement of the ventricle, being thrust 
out with the ventricular systole. The in- 
trinsic left auricular movements are too 
feeble to be recorded. This is frequently 
observed in mitral valvular disease. 

The lower right contour is not deviated 
by changes in the right ventricle. When 
the right ventricle enlarges, it does so not 
to the right, but to the left, and downward. 
Thus in pure right ventricular enlarge- 
ment, such as follows congenital pulmonary 
stenosis or syphilitic stenosis of the artery 
beyond the valves or in a patent ductus, 
the right cardiac contour may show 
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ventricular waves as under normal con- 
ditions in its lowermost portion. 
When, on the contrary, there is marked 


enlargement. The typical findings of shape 
and size of the heart shadow must be pres- 


ent. With an increased obliquity of the 





Fig. 9. Double mitral lesion. Dyspnea, cyanosis, edema, large liver. 
Loud systolic murmur over the whole cardiac region, propagated to the axilla and 
back. Presystolic rumbling at the apex. EKG shows complete arhythmia 
with auricular fibrillation. The kymograph shows the typical contour of 
double mitral valvular disease, with marked dilatation of the left auricle. The 


right contour bears flat ventricular waves, synchronous with those on the left 
contour. There is also marked pulsation of the pulmonary arteries. There is 
marked dilation of the pulmonary artery, particularly on the right side where 
low rounded waves may be seen. On the left side, the pulmonary artery has 
been pushed up by the markedly dilated left auricle. 


enlargement of the left ventricle, the intra- 
ventricular septum is displaced to the right 
and the right ventricle may form a larger 
part of the right contour. However, an 
increased number of ventricular waves over 
the right contour by no means indicates 
by itself that this is due to left ventricular 


heart’s axis, as in the subthenic habitus 
or with low position of the diaphragm, an 
increased extent of ventricular waves to 
the right may be observed normally. 

It is conceivable, also, that an aneurysm 
of the intraventricular septum may push 
the right ventricle outward to such a de- 








732 RADIOLOGY 





Fig. 10. Kymogram of the heart of aortic in- 
sufficiency. The maximum dilatation of the as- 
cending arch is practically synchronous with the 
closure of the mitral, but the peak on the descending 


arch is attained relatively late. The failure of the 
aortic valves to close produces the dilatation of the 
ascending arch immediately; the delay in the full 
dilatation of the descending arch is compensatory 
for the establishment of the necessary ventricular 
aortic pressure. On the ascending arch the aortic 
wave rises rapidly, falls back slowly at first, and 
then drops suddenly and sharply. On the de- 
scending arch the wave rises rapidly, falls back 
sharply and then retracts slowly. The left auricu- 
lar waves are exceedingly prominent. The vibra- 
tion associated with the second sound shows in an 
exaggerated form over the ventricles, but the first 
sound vibration cannot be made out. EKG 
shows P notched, QRS slurred, T inverted, sinus 
tachycardia. 


gree as to produce well-marked ventricu- 
lar waves over the entire right contour. 


MITRAL DISEASE 


In insufficiency, at the instant diastole 
begins, there is a rapid and extensive 
dilatation of the ventricle due to a large 
volume of blood entering it, shown by the 
shape of the first portion of the diastolic 
limb of the left ventricular wave. There 
then follows a slow, relatively long termi- 
nal portion of diastole, as if the ventricle 
then remained practically motionless after 
the first flood-like filling, until systole be- 
gins. This terminal diastolic movement 
may even show an inward or mesial 
sloping instead of an outward movement 
as normal, the inversion being more marked 
as the base of the heart border is ap- 


proached. The systolic limb is normal in 
character. 

In mitral stenosis, on the other hand, 
the diastolic limb shows as a uniform line 
without break due to slow filling of the 
ventricle. 

In mitral stenosis there is marked de- 
formity at the apex of ventricular wave 
due to phenomena associated with the pro- 
duction of the first sound. In fact, when 
such deformity is marked, and the rhythm 
is regular, the diagnosis of a tight stenosis 
is corroborated, if the characteristic heart 
shape is present. The systolic limb is 
relatively rapid and the systolic discharge 
is reduced as shown by the low amplitude 
of the aortic waves. 

During ventricular systole there is nor- 
mally an increase in the volume of the 
auricle. In mitral insufficiency this in- 
crease during ventricular systole is very 
marked. The extent depends on the de- 
gree of insufficiency, the tonicity of the 
muscle, and extent of the dilatation of the 
chamber. In minor degrees of insufficiency, 
with but slight dilatation, the hypertrophy 
of the auricular walls is a compensatory 
element which may counteract this in- 
fluence. But usually this compensatory 
mechanism is not operative. With begin- 
ning ventricular diastole, the auricular 
volume diminishes rapidly. 

The left auricle appears to bear the 
brunt of the back pressure effects. Since 
insufficiency of the valve causes the mean 
left auricular pressure to rise during 
ventricular systole (when it should fall), 
a movement, ventricular in time, of in- 
creased amplitude, is present over the 
contour at the beginning of systole, not 
only in the usual area but also over the 
upper half or more of the right contour. 
In some cases almost the entire right con- 
tour may now show this movement. 
However, in some cases true auricular 
systolic phenomena may also be observed 
in addition. 

When the left auricle is excessively 
dilated, its walls have the character of a 
thin aneurysmal sac, over-distended by the 
blood flowing back from the left ventricle. 
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It then follows passively the exaggerated 
movement of the ventricle. This ex- 
plains the waves resembling aortic waves 


there is a very prominent notch imposed 
on the retracting limb in the pulmonic 
wave which corresponds in time to the 





Fig. 11. Kymogram of a case of combined valvular disease. The aortic 


waves are not seen over the descending arch shadow. The amplitude of the 
waves is small. The ascending limb (outward thrust) rises slowly. The pul- 
monary artery is dilated. The right auricular contour bears auricular waves of 
considerable amplitude. There is practically no movement over the apical 
portion of the heart. Towards the base the ventricular waves show a slow 
primary diastolic phase, which is followed by a period during which the ventricle 
either makes no further outward movement, or makes an inward movement (the 
rounded peak of the wave). This is then followed bya short sharp systole. The 
maximum dilatation of the descending arch is not attained until left ventricular 
systole is fully ended. The pulmonary artery reaches maximum dilatation in 


advance of the maximum aortic dilatation. 


over the upper part of the right cardiac 
contour. When the regurgitation is 
marked, the first sound notch disappears, 
particularly when decompensation is pres- 
ent. 

The pulmonary artery waves are of 
greater amplitude than the aortic, and 


second sound. There is also a strong pul- 
sation of the lung vessels extending to the 
periphery, which becomes very marked in 
decompensation. 

The striking features of the kymographic 
examination in mitral valvular disease 
are: (a) changes in the character of the 
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diastolic limb of the ventricular waves 
(rapid filling in insufficiency, slow filling 
in stenosis); (b) changes in the character 
and distribution of the waves of the left 
auricle; (c) changes in the character and 
distribution of the pulmonary artery waves. 


AORTIC DISEASE 


When the aortic orifice is moderately 
narrowed the increased systolic activity 
maintains a normal systolic discharge and 
the aortic waves are not changed. The 
only abnormality consists in evidence of 
increased activity as shown by left ventricu- 
lar waves of great amplitude and very fre- 
quently also accompanied by high right 
ventricular waves. 

If stenosis is very great, there is less ef- 
ficient emptying of the left ventricle in 
spite of the fact that intraventricular pres- 
sure during the systole rises to a great 
height and in spite of the lengthening of 
the period of systole. This reduces systolic 
discharge and lowers the amplitude of the 
aortic waves. In contrast, the pulmonary 
artery waves are prominent. The sound 
wave is imperceptible. 

Over the left auricular area are promi- 
nent mixed auricular-ventricular waves. If 
myocardial weakness does not supervene, 
the blood is accommodated in the left 
auricle and its venous tributaries. 

When muscular changes finally super- 
vene, the left ventricle is dilated by a 
large volume of retained blood and a rela- 
tive mitral change may occur. 

In aortic regurgitation the ascending 
aorta begins to dilate, as shown by the 
out-thrust of the aortic waves, practically 
simultaneously with the onset of ventricu- 
lar systole. This premature dilatation is 
practically simultaneous with the closure 
of the mitral valve and the first sound and 
is due to a wave transmitted through the 
incompetent similunar vaJve. There fol- 
lows then a sudden retraction of the vessel 
wall. This primary peak is more promi- 
nent nearer the heart and diminishes as dis- 
tance from the semilunar valves increases 
and is not at all registered in the descend- 
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ing arch. There then follows a slower 
second rise (peak 2) on the ascending arch 
synchronous with a similar rise in the de- 
scending arch. This is the true aortic 
wave. On the descending arch the apex 
of this peak is sometimes split. Then fol- 
lows a very prominent incisura correspond- 
ing to the second sound and a third peak 
with a very rapid retraction. In the upper 
bands over the descending arch, a fourth 
peak is evident. On the descending arch 
following the sound indentation and the 
second peak there is a very rapid retraction 
of the vessel. 

The amplitude of the aortic waves is 
markedly increased. 

The first period of ventricular filling 
takes place very rapidly, as shown by the 
steep high first portion of the diastolic 
limb. The second phase is slower and 
longer. The end of the diastolic period is 
marked by a sharp peak (steeple) due to the 
increment contributed by the auricular 
systole. The systolic movement is de- 
layed but of increased amplitude. It may, 
in fact, be stated that in aortic disease 
the greatest part of the diastolic filling 
takes place toward the end of diastole. 

The valleys of the ventricular waves over 
the apex of the heart are clear, but near 
the base there is interposed a peak which 
corresponds to the beginning final retrac- 
tion of the aorta (peak 3) and the period 
of collapse of the pulse. It represents the 
effect of the regurgitant wave and is ap- 
parently manifested predominatingly at 
the base and scarcely at all in the apical 
portion of the heart. The first sound ser- 
ration is of diminished amplitude. The 
left auricular waves are prominent at the 
base of the shadow of the ascending 
arch. 

The striking features of the kymographic 
examination in aortic valvular disease are: 
(a) disturbed time relationships between 
the aortic and ventricular kymograms; 
(b) qualitative changes in the contour of 
the aortic waves resulting from the regurgi- 
tation and the compensatory vascular 
phenomena; (c) qualitative changes in 
the ventricular waves resulting from the 
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changed hydrostatic conditions in the 
ventricles. 

It is not yet possible to define exactly 
the value of the contribution of this newer 
method of roentgen examination, to the 
anatomic, physiologic, and clinical study 
of the heart, nor all its possible applica- 
tions. The data already obtained would, 
however, indicate that its field of usefulness 
will be wide and that it will assist greatly 
in the solution of many difficult problems 
in the field of cardiodynamics. Thus the 
action of drugs on the heart muscle may be 
studied by roentgenkymography, utilizing 
as criteria the difference in the frequency 
and amplitude of the wave, and the changes 
in the movement of the pulmonic vessels, 
before and after the administration of the 
drug. So also, attempts have been made 
to determine the heart volume by com- 
paring the systolic and diastolic areas as 
shown by the kymographic waves and 
utilizing the formula of Bardeen. 


SUMMARY 


The kymographic method contributes 
the following information to the morpho- 
logic and physiologic study of the heart: 

1. The actual make-up of the cardiac 
shadow. 

2. The shape of the heart as a whole, 
or any of its chambers during the various 
phases of movement. 

3. Size of the heart in systole and di- 
astole or any intermediate phase. 

4. Characteristics of the movement of 
the heart as a whole or its various chambers. 

5. Activity and accomplishment of the 
cardiac muscle. 

6. The relationship of contraction to 
conduction phenomena. 

7. The relationship of movement to 
sound phenomena. 

8. A graphic representation of rhythm 
disturbances. 

9. The extent and severity of myo- 
cardial changes. 

10. The modification of the character 
distribution and time relationships of the 
chamber movements in valvular disease. 


fo 
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of “recovery from radiation effects.” 
The rate of recovery is generally as- 
sumed to be exponential (1 and 2). Due 
to this property of recovery, the effective 
radiation dose (sometimes called cumula- 
tive) tends toward an equilibrium value, 
that is, a value at which the rate of re- 
covery of the tissue equals the rate of 
dosage. 

Assuming the fact of tissue recovery we 
will derive an expression for the effective 
(or cumulative) dose at the time just after 
it has been administered on the nth day. 
Since recovery begins the moment energy 
is absorbed by the tissue, we shall, for 
a first approximation, assume that the 
dose is administered instantaneously. To 
cover cases in which different doses are 
given on alternate days we shall take the 
case wherein D,, the initial dose, alternates 
with a dose D, on subsequent days. Let 6 
be the recovery factor of the tissue for unit 
time. Thus 8 may be 4 per cent per day 
(3) as in the case of radium radiation 
filtered through 1 mm. of platinum, or it 
may be 8 per cent per day (2) as in the case 
of roentgen radiation of iq = 0.16 A. 
Let k = (1 — 8), or the amount of radia- 
tion effect remaining after one day. 

First there is the case when 1 is odd. 
The contribution of the first day, A:, to 
the effective dose will be D,;k"~'; the con- 
tribution of the second day, Bs, will be 
D,k"~*, etc. Thus: 








|" is found that tissue exhibits a property 


A, = D;k"- 1 

B, = D.k"- 2 

A; om Dj;k"-3 

B, _ Dk" ~s 
Bn_3 = Dkr -("-3) 
, = D,kn—("-2) 
Bes = Dae) 
An = Dik" 


The effective dose after 1 days is equal to 
the sum of the A’s and B’s. But: 


2A; = D(kn-) + kn-3 + kM th 
Rbn-(n-2) + 1) (1) 


2B; = Dak"? + ke! + hem eh 
sat + k) 
= D,k("" 1 4 pn- 3 4 Rnr- 54. 
po 1) (1.1) 


The series in the right-hand sides of Equa- 
tions (1) and (1.1) are geometrical progres- 
sions of which the first term a is equal to 1; 
the common factor d = k?, and the num- 


ber of terms are z = (n+ 1)/2. Thesum 

aa a — ad’ 
of such a progression is S = eee 
Hence for the above series: 

{1 — R2%n+1)/2) - - (1—R2("-1)/2) 
j2A; = Dj}, { 2B; = Dak} af 
The effective dose, gin is then 

—_ n+1 nn at 
D. = DA = + kD. a! (odd) (2) 


— #5 


When 1 is even, the contribution of the 
first day, Ai, is D;k"~1; that of the second 
day, By, is D,k"”~*, etc., whereas: 


An_s = Dikn~("—9) 


n—2 = Dk" —(*-2) 
*, = Dykn-("-}) 
B, = Dk" 


And 


D, = D;(k"=1 + ke-2 + 
=o) colle oh adie aaa 


+ kn-(n-3) + kn—(n-))) 
Hers + 1), 


or: 
i Dik(k"-2 + bn-4 + re + bn—(n-2) + kn-n) 

+ Di(k -? + k™-4 +... + he") +1) = (8) 
The series in the parentheses of Equation 
(3) are geometrical; the first term is 1, 
the common factor is k?, and there are 
n/2termsineach. Thus: 


ide 1 — (k?)"/2) 1 — (k2)n/2 
D, = Dik} a} +P 1—# 
or 
D, = [Dik + Dal } =a (n even) (4) 
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Equations (2) and (4) give a means of 
calculating the effective dose in double 
field work as, for example, in abdominal 
radiation. A roentgen dose of r units 
may be applied to the posterior and an- 
terior sides of the abdomen on alternate 
days, respectively. When the anterior 
side is radiated, the posterior receives a 
dose ur, where u denotes the percentage of 
the beam that remains after it has passed 
through the body. Similarly, when the 
posterior side is radiated, the anterior re- 
Thus, if treatment is 
started by giving the anterior side a dose 
of r (roentgens) the first day, and is con- 
tinued by giving the same dose on the 
posterior side the second day, etc., the 
effective dose for the anterior side just 
after the dose has been given on the uth 
day is: 

D, = irk + ur| EE 


a oatiiig, | | oa 1) 
test eal ae 


(n even) 


(n odd) 


There is a similar set of equations for the 
posterior side: 


1 — k") 





={urk +r} i— es (n even) 
= 1— rt) — kn lee 
vee eae te =i 9 dele ae Bj (" odd) 


Equations (2) and (4) may be used also 
to calculate the effective dose at various 
depths by giving D; and D, in terms of the 
appropriate percentages of the primary 
beam. The use of these equations as- 
sumes, of course, that tissue at various 
depths possesses the property of recovery 
mentioned above. 

If dosage is stopped, the effective dose, 
D,, will diminish as the tissues recover. 
On the first day after dosage is stopped, 
the effective dose will be D.k; on the 
second day it becomes D,k’, and on the 
pth day it becomes D,k’. In practice it 
may happen that dosage is given through- 
out the week except for Saturday and 
Sunday; and thus for several weeks in 
succession. In double-field work of this 
kind, the effective dose for the anterior for 
the week is 
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1 — ket) 
1 — k? \ 


De = 1} + whe | — Fo n= 5. 
This will depreciate to D,k* over the week- 
end (since Monday is the third day after 
Friday). If dosage is resumed on that 
Monday and continued in this intermittent 
fashion for w weeks, the total effective dose 
for the period will be: 
Da = DeR*RM-) + DRM) + D,RIRMw-3) 
... + Dek? 
= DRURY 4 RUw-2 $ RUw-N) H+ . 


The series in the parentheses is a geo- 
metrical progression of which the first 
term is 1, the common factor k’, and the 
number of terms is w. 

tee aS 


(1 — k7§ — 


Thus if dosage is given alternately, as 
described above, from Monday to Friday 
and resumed in exactly the same manner 
the following Monday, for w weeks, Equa- 
tion (5.1) gives the total effective dose at 
the beginning of the Monday w weeks later. 


If, in Equations (2) and (4), we let 
D; = D, = D, we have n even, 
D. = {Dk + Die I 
n odd, 
jl a st ie ‘ais kn-l) sd 
— Rr 


ppd t+i-w-e 1) =D} TH 
Thus, the iis for D, for n even 
and for m odd become identical when the 
alternating doses become identical. In 
other words, if the same dose is given for 
n days, the effective dose is: 


(1 — kn) 
D, = DIF (8) 





If the dose is given every other day, 
our k becomes k?; if it is given every third 
day, k becomes k*; if it is given every 
mth day, k becomes k”. Likewise, 





becomes (n — 1)/2, (n — 2)/3,... [n + 
(m — 1)]/m. Substituting in (8), 

(1 = (em)Imtom—H ym) (1 = entm—t) 
ee ae ee | 


(9) 
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T is found that tissue exhibits a property 
of “recovery from radiation effects.” 

The rate of recovery is generally as- 
sumed to be exponential (1 and 2). Due 
to this property of recovery, the effective 
radiation dose (sometimes called cumula- 
tive) tends toward an equilibrium value, 
that is, a value at which the rate of re- 
covery of the tissue equals the rate of 
dosage. 

Assuming the fact of tissue recovery we 
will derive an expression for the effective 
(or cumulative) dose at the time just after 
it has been administered on the mth day. 
Since recovery begins the moment energy 
is absorbed by the tissue, we shall, for 
a first approximation, assume that the 
dose is administered instantaneously. To 
cover cases in which different doses are 
given on alternate days we shall take the 
case wherein D;, the initial dose, alternates 
with a dose D, on subsequent days. Let 8 
be the recovery factor of the tissue for unit 
time. Thus 8 may be 4 per cent per day 
(3) as in the case of radium radiation 
filtered through 1 mm. of platinum, or it 
may be 8 per cent per day (2) as in the case 
of roentgen radiation of i = 0.16 A. 
Let k = (1 — 8), or the amount of radia- 
tion effect remaining after one day. 

First there is the case when m is odd. 
The contribution of the first day, A:, to 
the effective dose will be D;k"~'; the con- 
tribution of the second day, B:, will be 
D,k"~*, etc. Thus: 


A, 
B; 
A; 


D;k"- 1 
D.k"- 2 
Dk" =3 
Dk" = 


Dk” —(n—3) 
Dk" —(n—2) 
Dk” —(n—1) 
* Dike 


= 
- | 0 
wound 


The effective dose after 1 days is equal to 
the sum of the A’s and B’s. But: 


IEA; = Di(kn* + be-3 + keh 
bn—(n-2) + 1) (1) 
2B; = Dak"? + k™-* + ke HL 
Rbn—(n-3) a k) 
ae D,R("-} + kn-3 + Rn-5 + n= + 
ke") 41) (1.1) 


The series in the right-hand sides of Equa- 
tions (1) and (1.1) are geometrical progres- 
sions of which the first term a is equal to 1; 
the common factor d = k®, and the num- 


ber of terms are z = (n+ 1)/2. The sum 
2 

of such a progression is S = i. 

Hence for the above series: 

2A; = p,}* —_ 43, = De} 

The effective dose, D,, is then 

De = DA Ft + ev JL! (odd) @) 


1 — k? 11-k 4 
When 1 is even, the contribution of the 


first day, Ai, is D;k”~1; that of the second 
day, By, is D,k"~*, etc., whereas: 


An_3 = Dykn-("-3) 
Bree = Dak™—("-?) 
An-1 = Dkn-("-)) 
B, = D.k*-* 


And 


D. = Di (k=! + Re? +. + RM (H-3) 4 Rn-(n-1)) 
+ Da(kn-? + k™-4 + 12. + Rn-("-2) + 1), 


or: 
D, = Dik(k™-? + km-*# 4 2. $ Rem (-2) 4 Reon) 

+ D,(k"-? + k™-4 +... + k™-(-2) +1) (8) 
The series in the parentheses of Equation 
(3) are geometrical; the first term is 1, 
the common factor is k?, and there are 
n/2termsineach. Thus: 

_ ny fl — (e)/2) 1 — (k*)"/2) 
D, = pe\t 7 Oo" p Ase le 

or 
1 — k) 
1 — k?\ 





D. = {Dik + Da} (n even) (4) 
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Equations (2) and (4) give a means of 
calculating the effective dose in double 
field work as, for example, in abdominal 
radiation. A roentgen dose of r units 
may be applied to the posterior and an- 
terior sides of the abdomen on alternate 
days, respectively. When the anterior 
side is radiated, the posterior receives a 
dose ur, where » denotes the percentage of 
the beam that remains after it has passed 
through the body. Similarly, when the 
posterior side is radiated, the anterior re- 
Thus, if treatment is 
started by giving the anterior side a dose 
of r (roentgens) the first day, and is con- 
tinued by giving the same dose on the 
posterior side the second day, etc., the 
effective dose for the anterior side just 
after the dose has been given on the uth 
day is: 








D. = {rk + ur} i= a (n igi 
aa eT oe 
am A it + wer ho | wold 


ei 


There is a similar set of equations for the 
posterior side: 


kn) 


fl — 
D. = turk +1} ) aK (n even) 
= n+1 ica aad | 
rn tf + rk eae (n odd) 


,1—-k § V1—-#§ 


Equations (2) and (4) may be used also 
to calculate the effective dose at various 
depths by giving D; and D, in terms of the 
appropriate percentages of the primary 
beam. The use of these equations as- 
sumes, of course, that tissue at various 
depths possesses the property of recovery 
mentioned above. 

If dosage is stopped, the effective dose, 
D,, will diminish as the tissues recover. 
On the first day after dosage is stopped, 
the effective dose will be D,k; on the 
second day it becomes D,k*, and on the 
pth day it becomes D,k’. In practice it 
may happen that dosage is given through- 
out the week except for Saturday and 
Sunday; and thus for several weeks in 
succession. In double-field work of this 
kind, the effective dose for the anterior for 
the week is 
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— a= 
+ ube EF ay n= 5. 


‘ 1- kntt) 
co | 


— ks 
This will depreciate to D,k* over the week- 
end (since Monday is the third day after 
Friday). If dosage is resumed on that 
Monday and continued in this intermittent 
fashion for w weeks, the total effective dose 
for the period will be: 
Da = DRM) + Dk RM) + Deke) + 
+ Dek} 
= D.R3(R™e-) + bi(w-2) + bi(w-3) + ..e + _" 


The series in the parentheses is a geo- 
metrical progression of which the first 
term is 1, the common factor k’, and the 
number of terms is w. 


De = Dk i =- (5.1) 


Thus if dosage is given alternately, as 
described above, from Monday to Friday 
and resumed in exactly the same manner 
the following Monday, for w weeks, Equa- 
tion (5.1) gives the total effective dose at 
the beginning of the Monday w weeks later. 

If, in Equations (2) and (4), we let 
D; = D, = D, we have n even, 








“ (Dk + D\\i— at we 
Die + DiS faa 
n odd, 
Dem DI arf + bP rf - 
ropa te- nay ote 





Thus, the expressions for D, for n even 
and for n odd become identical when the 
alternating doses become identical. In 
other words, if the same dose is given for 
n days, the effective dose is: 
(1 — Rn) 
l1—&k§ 





D, = D} (8) 

If the dose is given every other day, 
our k becomes k?; if it is given every third 
day, k becomes k*; if it is given every 
mth day, k becomes k”. Likewise, n 





becomes (n — 1)/2, (n — 2)/3,... [un + 
(m — 1)]/m. Substituting in (8), 

(1 ini (km) [2+(m—1)]/m ) (1 —_ Rrtm— os 

se inidieail 1 — km , =D; 1—k” § 


(9) 
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This gives the total effective dose on the 
nth day just after the dose has been ad- 
ministered, the dose D having been given 
every mth day for the » days. 

It is frequently desirable to know how 
long it will take a given method of dosage 
to reach the so-called equilibrium state. 
Theoretically this condition is never at- 
tained. There is, however, a condition 
attained in which the daily incremental 
dose contributes a negligibly small amount 
to the effective dose. For practical pur- 
poses this may be taken as the equilibrium 
condition. Consider the case described by 
Equation (9). The increment of effective 
dose is given by 

(Dk" + D)-—-D,=cD (0 <e < 1) 


Substituting the value of D,, we have 


(1 — ntm—1) (1 — kxtm- 
Bip onie + D| =a poe | a 
Dividing and multiplying by D and (1 — 
k”), respectively, 
(1 — ken 4+ 1 — km — 1 + betent= (1 — 2) 
kntm-l = ¢ (10) 
log ¢c 
Since 0 <c < land 0 < k < 1, it is evident 
that cs, ed is always a positive number. 
log k ' 
An important feature of Equation (10) 
is that for a given c, the value of 1 is inde- 
pendent of the daily incremental dose D; 
n depends primarily on k, and to a lesser 
extent on m. 

Consider Equations (2) and (4). Let 
D, = Dt = tD, where0 <t< 1. Inthe 
following discussion we have only to con- 
sider the case wherein 0 < ¢ < 1, for, when 
t = 1, we have the case taken up in Equa- 
tions (9) and (10); and when ¢ > 1, we 
have only to consider the last (n — 1) 
terms of the dosage series since they will 
form a series in which 0 < ¢< 1. The 
increment of effective dose for the time 
between successive odd numbered days ex- 
pressed as a fraction of D is given by 


((D&k + tD)k + D) — D. = eD 


— (m — 1) (10.1) 


Substituting the value of D, from Equation 


(2) and clearing of fractions we arrive at the 
following: 





k(k+t)=c (11) 
_ loge — log (k + 2) 
n= nek (11.1) 


Corresponding expressions for the interval 
between even numbered days will be found 
to be: 


ct 





die 8" 
log ct — log (k + 2) 
2 = 
log k 


The equations pertaining to the increment 
of effective dose that accrues in the interval 
between odd numbered days (11) and 
(11.1), are more important, as it will be 
seen from Figure 1 that the effective dose 
is generally at a maximum on odd num- 
bered days. Figure 1 shows the typical 
behavior of effective dose when alternate 
doses are given. The dotted lines indi- 
cate the course of depreciation as the tissue 
recovers. Curves (a) and (b) are lines 
drawn through the values of the effective 
dose on odd numbered and on even num- 
bered days, respectively. 

It is to be observed that when alternat- 
ing doses are given, the time required to 
reach a state of equilibrium is a function of 
the ratio of the doses, t, and of (Rk + 2). 


APPLICATIONS 


For those who are interested primarily in 
the practical applications of these equa- 
tions rather than in the mathematical deri- 
vations the following examples are pre- 
sented. 

1. Suppose a tumor on the right side of 
the neck is to be treated with roentgen 
radiation, \,y, = 0.16 A. Two hundred r 
units are to be given the right side on the 
first day, the same amount to the left side 
the following day, etc., and thus alter- 
nated for 11 days. What will be the effec- 
tive dose on the eleventh day after the 
dose has been administered on that day? 
Suppose the neck depreciates the primary 
beam 70 per cent, that is, 30 per cent 
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comes through. Since 11 is odd, we use 
Equation (2): 


(1 — kntl) 


1 (1 — kn) 
D. = Ds ‘era 8 


Detar 


1000 


Effectwe dose — r unils 


Fig. 1. 


For roentgen} radiation \,, = 0.16 A, 
B = 0.077 per day. Hence k = (1 — 
0.077) = 0.923 per day. Dj, the initial 


dose, = 200 r; and D,, the alternating 
dose, = 200 r X 0.3 = 60 r. Thus, sub- 
stituting: 


fl — (0.923)"*1) 
?- 1 — (0.923)? § 
(1 — (0.923)""-! 
) 1 — (0.923)? 


0.621 55.4 
200 r ( =" ) + 55. —- 
ad (Gaus) yee (caus) 


200 r (4.17) + 55.4 r (3.71) 


1040 r (to within the error of slide-rule reading). 


D, = 200r + 


(0.923) (60 r) 


ll 





By means of Equation (11) the fraction 
of the dose that will be added to the ef- 
fective dose on the thirteenth day may be 
determined. 


Time — days 


= k(k + t) = (0.923)"(0.923 + 0.3) 


5 
| 


ll 


(0.412) (1.223) = 0.504 


meaning that 50.4 per cent of the dose on 
the thirteenth day will be added to the 
effective dose, or ¢(200 r) = 0.504 (200 r) = 
100.8 r. And the effective dose on the 
thirteenth day will be 1,038 r + 100.8 r = 
1,138.8 r. 

Or we may find the time at which only 
10 per cent of the daily dose is added 
toward the effective dose. Using Equa- 
tion (11.1), 








log c — log (k +4 _ log 0.1 — log (0.923 + 0.3) 
log k “ log 0.3 
— 1— (0.08743) 1.08743 


<i = = 31.2 31 day 
— 0.0348 0.0348 31.2 or 31 days 








meaning that on the thirty-third day only 
10 per cent of the 200 r will be added 
toward the effective dose. 

2. Suppose that radium radiation fil- 
tered through 1 mm. of platinum is given 
in doses of 3,000 mg.-hr. every second 
day. What will be the effective dose after 
21 days, and what percentage of the dose 
will be added to the effective dose on the 
twenty-third day? The effective dose is 
given by Equation (9): 

Boece ating | 

1—k |\ 

D = 3,000 mg.-hr.; 8 = 0.04 per day; 
hence k = (1 — 0.04) = 0.96; m = 2; 
n = 21. 


41 — (0.96)2!72-1) (2% 
) 3,000 < ———-_— - = 3,000 {| —— 
De veel ee (0.96)? \ sete com) 





D. =D + 


= 22,680 mg.-hr. 


Equation (10) enables us to find c, 


prtm-1 = ¢ 


(0.96)2172-1 c = (0.96)? = 0.4099 = 0.41. 


Thus 41 per cent of the dose, or 1,230 mg.- 
hr., will be added to the effective dose of 
the twenty-first day to give the effective 
dose of the twenty-third day (22,680 + 
1,230 = 23,910 mg.-hr.). Conversely, 
we may find the time at which only 10 per 
cent of the daily dose will be added to the 
effective dose. Using Equation (10.1), 

log 0.1 


- khan 
log k = jog 0.96 ) 


soak. pies 
= —= — 1 ) 
—Q.0177 


56.5 — 1 = 557 days, 
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meaning that on the fifty-seventh day 
only 10 per cent of the daily dose will be 
added toward the effective dose. 


SUMMARY 


1. A general expression is derived for 
the effective dose after 1 days, the dosage 
consisting of two doses that alternate 
from day to day. Equations (2) and (4). 

2. The alternating doses are made 
equal to one another. The resulting ex- 
pression gives the effective dose when the 
same dose is given for m days. This is 
then generalized to the case wherein the 
same dose is given every mth day for n 
days. Equation (9). 

3. It is then shown that the time re- 
quired for a given method of dosage (using 
a single dose of the same value each time) 
to reach an approximate state of equi- 
librium is independent of the daily dose. 
Equation (10). 

4. When, however, two different doses 
alternate from day to day, it is found that 
the time required for the attainment of the 
equilibrium state is dependent on the ratio 
of the two doses. Equations (11) and 
(11.1). 

5. Practical applications of the formu- 
le are given. 
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A STUDY OF BACK-SCATTER FOR SEVERAL QUALITIES OF 
ROENTGEN RAYS! 


By EDITH H. QUIMBY, M.A., C. DEF. LUCAS, M. D., A. N. ARNESON, M. D., and W.S. 
: MacCOMB, M. D., New York City Department of Biophysics, Memorial Hospital 


T is a well-known fact that when a beam 
of radiation strikes matter, some of 
the rays are scattered in all directions. 

The amount of scatter depends upon the 

quality of the radiation, the nature of the 

material upon which it impinges, the 
volume of the material, and the area of 
the beam. The relative amount of scat- 

tered radiation is different in different di- 














not possible to determine the erythema 
dose in terms of physical units (roentgens) 
until the intensity of a beam as measured 
in air can be related to that on the surface 
of the body. 

Many attempts have been made to meas- 
ure the back-scatter experimentally, by 
means of ionization chambers, photo- 
graphic films, biological media, etc., placed 
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Fig. 1. Special ionization chamber, with electrodes consisting of three layers of 


very fine gauze impregnated with India ink. 


rections, being greatest in the forward 
and least in the backward direction. 

The portion scattered backward is of 
particular interest in radiation therapy, 
because of its contribution to the dose de- 
livered at the surface of the body. This 
dose consists, in part, of radiation from the 
primary beam, and, in part, of that scat- 
tered back by the underlying tissues. 
Since all depth doses are determined in re- 
lation to the surface dose, it is necessary 
to know this accurately. Moreover, it is 
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upon the surfaces of water, paraffin, and 
the human body itself. The results ob- 
tained have disagreed widely. Most of 
the differences may be explained by varia- 
tions in experimental conditions. This is 
particularly true in the case of physical 
measurements, in which instance the nature 
and material of the ionization chamber 
are extremely important. When approxi- 
mately the same experimental conditions 
are used, there is fair agreement in the re- 
sults obtained. The method of choice so 
far has been the use of the small ionization 
chamber of organic materials, the assump- 
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tion being that its walls have no effect on 
the results. Some of these chambers, 
when calibrated against a standard open 
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aluminum tube is inserted; fitted tightly 
into each of these tubes is an amber insu- 
lator. Through the center of each of these 











Tt 
40 CMe 
66 CK. Ss 





T - TARGET OF X-RAY TUBE 


D-D-D-D - IEAD DIAPHRAGS 








M - IONIZATION CHAMBER, CONSISTING OF THREE LAYERS OF 


VERY FINE SILK GAUZE DsPREGNATED WITH INDIA INK 
P - LEAD-LINED ALUMINIUM POT FILLED WITH PARAFFIN 


Fig. 2. 


ke 30 chal 
M BD . 
Tr 
35 
cm. 
& 
k&—— 150 OR 300 CM. — 
Diagram of set-up for studying back-scatter from paraffin, with x-rays. 
insulators passes a fine copper wire, which 


air chamber, agree with it over a wide 
range of quality of radiation. However, 
the scattered radiation contains compo- 
nents of very long wave length, which may 
be more or less completely absorbed in the 
walls of the chamber. At the same time, 
the secondary radiation from these walls 
and from the inner electrode may intro- 
duce a disturbing factor. 

The observations here reported were 
made with a new type of ionization cham- 
ber, which is shown diagrammatically in 
Figure 1. This consists of three parallel 
plates, about 40 cm. square, of which the 
two outer ones are made of very fine silk 
net, impregnated with India ink, while the 
inner is of fine silk threads, similarly 
treated, stretched 1 cm. apart. The net, 
when inked and ready for use, weighs 14 
mg. per 100 sq. cm.; this is about one- 
third the weight of cellophane. The frame 
for each plate is a square of four strips 
of very light wood, 1 cm. wide and 2.5 
mm. thick, painted with India ink. The 
two outer ones are maintained 2 cm. apart 
by plugs of hard rubber at the four cor- 
ners, and are charged to 300 volts by dry 
batteries. Through each of these rubber 
plugs, as shown in the diagram, a small 


is connected to one corner of the frame 
carrying the threads which form the inner 
plate. These wires form the support of 
this plate, and one of them serves as the 
lead to the measuring instrument. The 
four aluminum shields of the amber 
insulators are grounded, thus furnishing 
an effective guard ring. The chamber is 
held in the path of the beam of radiation 
by means of clips of hard rubber which hold 
the wooden frame and are attached to a 
firm support. No part of the wooden 
frame or any of the outside support ever 
comes into the path of the beam. 

All ionization measurements were made 
with the vacuum tube instrument of 
Failla. This has an extremely wide range 
of sensitivity, and is much faster than any 
electroscope or electrometer. It is, there- 
fore, possible to make many readings in 
the course of an experimental run, even 
when the intensities of the radiations are 
low, thus permitting careful checking of re- 
sults. 

The general arrangement of the ap- 
paratus is shown diagrammatically in Fig- 
ure 2. X-rays were generated at voltages 
from 80 to 185 K.V. peak by a simple Vil- 
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lard circuit. The size of the beam reach- 
ing the chamber was regulated by three 
lead diaphragms, one in the tube holder 
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were properly centered at all times.’, As 


mentioned above, the third collimating 


diaphragm was 152 cm. from the target. 





Fig. 3. Photograph of apparatus for studying back-scatter with x-rays. 


and two outside it, their distances from the 
target being 46, 86, and 152 cm., respec- 
tively. For the measurement of the pri- 
mary radiation, the diaphragm shown be- 
hind the chamber, and the scattering unit 
were removed. This scattering unit con- 
sists of an aluminum pot 30 cm. deep and 
35 cm. in diameter, lined with 3 mm. of 
lead and then filled with paraffin. The 
purpose of the lead is to prevent radiation 
scattered by the paraffin from emerging, 
striking the walls, and giving rise to dis- 
turbing radiation. When this scattering 
mass was placed behind the chamber, 
radiation scattered backward was reg- 
istered in the ionization current. The 
diaphragm between the paraffin and the 
chamber was placed there in order to 
stop rays scattered obliquely backward 
out of the beam, since it was desired to 
measure only radiation scattered back 
within the irradiated area. The opening 
in this diaphragm was slightly larger than 
the actual beam. 

The actual set-up is shown in Figure 3. 
Diaphragms, chamber, and scattering ele- 
ment were mounted on rails so that they 


The ionization chamber was either 300 or 
450 cm. from the target. The various 
filters used were placed in the first dia- 
phragm, which is in the tube holder. For 
the 300 cm. distance, the scattering element 
could be rolled 200 cm. farther back on the 
rails, when no effect could be detected from 
it. For the 450 cm. distance it was neces- 
sary to remove the pot from the runway. 
The primary beam was never large enough 
to strike the wooden framework of the 
runway within 200 cm. of the chamber. 
Walls, floor, and ceiling were always more 
than 200 cm. from the chamber, except at 
the 450 cm. distance, when the floor was 
only 150 centimeters. The rear wall, the 
only one which could be struck by the pri- 
mary beam, was always at least 300 cm. 
away. 

The centering of the beam with regard 
to diaphragms and chambers was always 
checked photographically. A film placed 
just in front of the chamber, and another 
just behind the rear diaphragm, showed 
accurately the size and shape of the beam 
and the clearance of the rear diaphragm. 

With large beams it was not possible to 
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Fig.4. Curve showing correction for space between 
paraffin scattering element and ionization chamber. 


eliminate entirely the stem radiation, even 
with the three diaphragms. This showed 
as a very slight haze on one side of the 
test film. Such radiation, being outside 
the beam which passed through the aper- 
ture of the rear diapbragm, would strike 
this lead and send scattered radiation of 
its own into the chamber. This proved 
never to be more than a few per cent of the 
total scatter, but was measured for every 
diaphragm and every quality of radiation, 
so that the proper correction could be 
made. 

There was a possibility that scattered 
radiation striking the edges of the lead 
diaphragm might give rise to secondary 
rays of the electron type, which would in- 
crease the ionization supposedly due to 
scattered rays from the paraffin. In order 
to eliminate this, the diaphragms were 
coated with a celluloid solution to a 
distance of 2 cm. from the aperture, on 
both sides. This made no difference in the 
readings, showing that such radiation did 
not occur in sufficient quantity to be con- 
sidered. 

Between the surface of the paraffin and 
the surface of the chamber was an air 
space of 1 cm., the lead diaphragm being 
in contact with the paraffin. In this air, 
some of the softest scattered and secondary 
rays were absorbed. The method of cor- 
recting for this was as follows: After the 
routine measuremnents with and without 
diaphragm and paraffin had been made, 
the paraffin was moved back from the 
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chamber, a short distance at a time, a read- 
ing being taken for each position. A curve 
was then drawn showing decrease in radia- 
tion with increase in distance, and this was 
extrapolated back to the position of the 
surface of the chamber. Since the rate of 
change in intensity was not large, and the 
distance covered by the extrapolation only 
1 cm., such a method of correction is 
legitimate. This extrapolated value was 
used as the correct reading for the total 
radiation, including back-scatter. The 
correction was never large, and was inde- 
pendent of the field, within the limits in- 
vestigated. It varied somewhat with the 
quality of the radiation, as shown in 
Figure 4. 

Measurements of scattered radiation 
were first made at 185 K.V. peak, with 
filters of 0.16, 0.48, 1.03, and 2.06 mm. of 
copper, corresponding to half value layers 
in copper of 0.55, 0.87, 1.12, and 1.34 mm., 
for a range of fields from 50 to 400 sq. 
cm., at each of the two distances for the 
ionization chamber. All of these experi- 
ments were repeated at least four times, 
the data presented being the average of 
these results. 

For the calculation of the percentage 
back-scatter for any particular case, the 
procedure was as follows: Four readings 
were taken; (1) with the diaphragm com- 
pletely closed, to obtain a correction for 
stray radiation and for the natural leak 
of the chamber; (2) with the proper filter 
in the diaphragm, with the ionization 
chamber in position, but without rear 
diaphragm or scattering unit, to obtain 
the value for the primary beam; (3) with 
the rear diaphragm in place, to obtain a 
correction for radiation scattered from it, 
which might otherwise be included in the 
scatter from the paraffin; (4) with the 
paraffin in place, to obtain the total radia- 
tion including back-scatter. All readings 
were corrected for the leak and stray 
radiation. The reading with paraffin was 
corrected for the air space between it and 
the chamber. The scattered radiation was 
taken as the difference between this cor- 
rected reading for the paraffin and the 
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reading with the diaphragm alone. This 
value for the scattered radiation, divided 
by the value for the primary beam, gives 


60 


Back Scatter - Per Cent 
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higher than most of those reported in the 
literature as having been measured with 
small, so-called ‘‘air wall’’ chambers. The 
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Fig. 5. Curve showing percentage back-scatter in a 78 sq. cm. field, for x-rays over a wide range of quality. 


the percentage of back-scatter. If the pri- 
mary beam be called 100 per cent in each 
case, the percentage value for the total 
radiation will be 100 plus the back-scatter 
percentage. 

For each distance of the chamber, curves 
were drawn showing the relation of back- 
scatter to size of field, for the four qualities 
of radiation tested. For a given field, 
the values at the two distances were 
found to agree as well as two sets of values 
at the same distance. The data were, there- 
fore, all combined, and the distance con- 
sidered immaterial, provided it was great 
enough so that scattered radiation passing 
back through the chamber did not strike 
the diaphragms and give rise to a second 
scattered beam, which might return to the 
chamber. 

The results of this series of experiments 
are presented in Table I. The values ob- 
tained for back-scatter are considerably 


amount of scatter increases steadily with 
size of field and with decrease in half value 
layer. 


TABLE I.—TOTAL RADIATION INCLUDING 
BACK-SCATTER FROM PARAFFIN 
185 K.V. Peak (Kenetron Rectification) 

Various Filters and Fields . 


Filter—mm. Copper | 


Area 


of 0.16 | 0.48 | 1.03 2.06 
Beam | __ Half Value Layer—mm. Copper___ 
—|__0.55 | _ 0.87 1.12 | 1.34 

Sq. | Total Radiation—Per Cent 
__cm. _| (Primary Beam = 100 Per Cent) _ 
50 | 143 | 140 | 136 | 132 
7 | 148 | 144 | 140 136 
100 | #154 | 150 | 146 142 
150 | 160 | 156 | 152 148 
200 | 166 | 162 | 158 | 154 
300 | 176 | 172 167 | 162 
400 182 | 178 | #175 | 71 





The effect of variation of radiation with 
variation in field or in filter may be con- 
sidered independently. The effect on the 








748 RADIOLOGY 






Fig. 6. Photograph of apparatus for studying back-scatter with gamma rays. 


total radiation of change in quality of the 
beam, for any given field, may be in- 
vestigated by setting the value for some 
one particular quality as 100 per cent, and 
expressing the others in terms of it. This 
is done in Table II for each field, the value 
for the 0.48 mm. copper filter being taken 
as 100 per cent in every case. From this 
table it is evident that the change in 
relative total radiation with change in 
quality is independent of the field. 

In a similar way the variation with field 
may be studied for each quality. In 
Table III, the value for the 100 square 
centimeter field is set as 100 per cent, for 
each quality of radiation. It is seen that 
the change in intensity of radiation is in- 
dependent of the quality. 

The entire range of quality considered 
thus far is not great. A single voltage 
setting on the x-ray machine was used, 


TABLE II.—VARIATION IN TOTAL RADIATION 
(INCLUDING BACK-SCATTER) WITH QUALITY 
FOR FIELDS OF DIFFERENT SIZES 
185 K.V. Peak (Kenetron Rectification) 





Filter—mm. Copper 























Are 
of 6|_0.16 | 0.48 | 1.03 | 2.06 _ 
Beam ____ Half Value Layer—mm. Copper 
——| 0.55 | 0.87 [ 1.12 | 1.34 
Sa | a 
__cm. _|__ Total Radiation—Per Cent 
50 =6| ~~ =«102 | 100 | 97 94 
75 | 103 | 100 97 94 
100 | 103 | 100 97 | 95 
150 | 103 | 100 97 | 95 
200 102 | 100 97 95 
300 102 | 100 97 | 94 
400 102 100 98 95 





and the quality varied by changing filters. 
It was, however, desirable to carry the 
study through a much greater range of 
quality. This was done for a field of 78 
sq. cm. (a 10 cm. circle) for various volt- 
ages and filters, giving a complete range of 
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half value layers from 1.34 to 0.12 mm. of 
copper. This was the minimum which 
could be obtained with the x-ray machine 
available, using 80 K.V. and no filter. 
The actual beams used are specified in 
Table IV. 


TABLE III.—VARIATION IN TOTAL RADIATION 
(INCLUDING BACK-SCATTER) WITH FIELD 
FOR DIFFERENT QUALITIES OF RADIATION 


185 K.V. Peak (Kenetron Rectification) 





Filter—mm. Copper 














Area | eee 
of | 0.16 | 0.48 | 1.038 | 2.06 _ 

Beam | Half Value Layer—mm. Copper 

aa | 0.55 | 0.87 | Aes § 

Sq. anaes DOs a 87 | pe aie l. 34 ~~ 
cm | sais - 

ee |e Total Radiation—Per Cent . 
50 | 98 93 | 93 | 98 
75 | 96 % | 96 | 96 

100 | 100 100 =| =©100 =| ~~ 100 

150 | 104 | 104 | 104 | 104 
200 | 108 108 | 108 | 108 
300 114 115 114 | 114 
400 | 118 | 118 | 4119 |= 120 





TABLE IV.—SPECIFICATIONS OF RADIATIONS 
USED FOR WIDE RANGE IN QUALITY 























| Half 

; | Value 

KV. Filter | Layer 

oo _Peak | Mm. Cu | __Mm. Cu 

185 2.06 1.34 
1.03 1.12 
0.48 ().87 
0.16 0.55 
165 0.64 0.86 
0.32 0.58 
0.16 0.45 
| 0 a ().28 
137 0.64 0.64 
| (0.32 0.48 
0.16 0.36 
0 0.24 
110 | 0.32 0.31 
| 0.16 0.26 
| 0 0.17 
80 | 0.16 0.17 
| 0 0.12 








It is evident that any given part of the 
quality range may be obtained by using 
two or three different voltages with the 
appropriate filters. In other words, there 
is overlapping in quality ranges obtained 
with the various voltages. 

The values for back-scatter obtained 
with these various beams are shown in 
Figure 5, where they are plotted in rela- 
tion to quality as expressed by half value 








layer in copper. Each point is the average 
of observations made in at least three dif- 
ferent series. The percentage back-scat- 
ter for a given average quality of radiation 
is seen to be independent of the voltage, 
within the range of experimental error. 

At the other extreme of penetration of 
radiation available, some measurements 
have been made with gamma rays. The 
experimental set-up is shown in Figure 6. 
The radon source, 300 to 500 mc., filtered 
by 2 mm. of brass, was placed within a 
large pot of lead, so that there were at 
least 15 cm. of lead toward the back and 
sides and 20 cm. toward the front, except 
for the cone through which the rays 
emerged. This was of such a size that the 
beam on emerging was 2.5 cm. in diameter, 
and at a distance of one meter, 15 cm. in 
diameter. Immediately upon issuing from 
the lead pot, the beam passed between the 
poles of an electromagnet, which could be 
used to remove the secondary beta rays. 

The long range secondary beta rays 
liberated in the air by the gamma rays 
introduce serious complications, and for 
this reason some other approach will 
have to be found to this part of the prob- 
lem. The back-scatter for gamma rays ob- 
tained with the method described above 
appears to be also higher than that ob- 
tained with the usual small chambers, 
but no corrections for the secondary beta 
ray effect just mentioned can be made at 
present. 

A practical application of accurate 
measurements of back-scatter would be 
the specification of the number of roent- 
gens delivered to the skin when the in- 
tensity of the beam in air is known. A 
statement of radiation dose in terms of 
the amount delivered to the tissues would 
be preferable to a statement of the quantity 
as measured in air. Present methods of 
measuring by means of a small ionization 
chamber placed on the skin are unsatis- 
factory because, as stated earlier in this 
paper, the wall effects of such chambers 
are unknown for the very soft scattered 
and secondary radiations. Before the 
data here given can be applied directly to 
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a statement of dosage, it will be necessary 
to test experimentally some of the values 
for threshold erythema doses obtained 
therefrom. This work is under way, and 
it is hoped that a report on the subject 
can be made soon. 


SUMMARY 


The back-scatter from paraffin has been 
measured, for a large range of fields and 
qualities of radiation, by a new method. 

Values of percentage scatter obtained in 
this way are considerably higher than 
those obtained with so-called ‘‘air wall” 
ionization chambers. The scatter in- 


creases with the irradiated area and with 
the effective wave length of the radiation, 
the two effects being independent of each 
other. 

Tables are given for the total radiation, 
including back-scatter, for a range of 
fields and qualities, for the variation in 
total radiation with field for any quality, 
and for the variation with quality for any 
field. 

The authors wish to express their in- 
debtedness to Dr. G. Failla, for his as- 
sistance in devising the experimental set- 
up, and for his constant interest and advice 
throughout the course of the work. 
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THE QUALIFIED SPECIALIST 


In the field of medicine, groups of specialists 
have set machinery in motion for awarding 
certificates of merit to those of their number 
who are justly entitled to so style themselves. 
One of the purposes back of the movement, and 
the most important one in the minds of many, 
is to enable the specialty and those awarded 
certificates of qualification to maintain stand- 
ing and prestige. Perhaps entirely too much is 
expected in that regard, particularly in view of 
the qualifying procedures generally adopted. 

In a general way, a specialty may be defined 
as the application of extraordinary knowledge 
to a part of a large general field. In certifying 
to the qualifications of specialists under such a 
definition, enquiry is restricted very largely to 
the matter of “extraordinary knowledge’ 
which under the circumstances may possibly be 
the only practical procedure. However, the 
fact should not be lost sight of that a specialty 
may lose caste through the operation of other 
factors for which the specialist may be no less 
accountable than he is for knowledge of his 
subject. As a matter of fact, loss of caste is 
not nearly so apt to occur through the special- 
ist’s ignorance as it is from his failure to inte- 
grate his special knowledge with the general 
knowledge of the entire field of which his particu- 
lar department represents a comparatively small 
part. It is only by such integration that the 
‘specialist,’ as understood in the definition, is 
clearly differentiated from the skilled workman 
or technician: mere knowledge has compara- 
tively little to do with it. Failing to secure 
such integration, he becomes an “‘assistant,”’ 
and no amount of “qualifying”’ or ‘‘labeling”’ or 
“resoluting’’ can change his status one iota. 
Such a situation is in the main responsible for 
the unenviable position in which some of the 
medical specialties now find themselves. 

The medical profession as a whole is menaced 
by a somewhat analogous threat as regards its 
status. In writings on the subject we find 
over and over again the statement that “‘it is 
the personal relationship between physician 
and patient which keeps medicine a profession,” 
a statement which is undoubtedly true. By 
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exactly the same token, it is the personal re- 
lationship between the medical specialist and 
patient that keeps the specialist a respectable 
and respected member of that profession. 
Some of the specialties do not consistently 
maintain that relationship, and to just that 
extent forfeit the esteem which they mis- 
takenly regard as an inherent right. 

The practical implications of these funda- 
mental facts should be at once apparent to the 
radiologist. If he is to maintain a high stand- 
ing in the medical profession and in the com- 
munity, he must establish a personal relation- 
ship with every patient who comes or is referred 
to him. In the first place, it enables him to 
render infinitely better service to the patient, 
which, apart from other considerations, is 
ample justification for adopting it as a routine 
practice. Without in any way interfering with 
the rights and prerogatives of others, it will 
enable him to build up a clientele of his own 
which will in the end be essential to his sur- 
vival as a specialist. His colleagues in other 
fields will continue to refer patients to him but 
with the added incentive that if he doesn’t they 
will in the course of events likely go to him 
anyway. Ultimately he will find himself 
referring about as many patients to other physi- 
cians as they refer to him and his destines 
will then come to be indissolubly linked with 
those of the profession as a whole. Then, 
and not until then (assuming that he has the 
requisite knowledge), can it be proclaimed with- 
out fear of successful contradiction, ‘“He is a 
qualified specialist.” 

Tuomas A. Groover, M.D. 





SHOULD THE PATIENT BE TOLD? 


Those of us who are confronted with the 
problem of the care and treatment of patients 
who have malignant disease are often in a 
quandary as to whether or not the patient 
should be told of his true condition. Too fre- 
quently, relatives come to us and say, ‘“‘Under 
no circumstances must you tell her that she 
has cancer; she would commit suicide.’’ Some- 
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times the family physician who has been treat- 
ing the patient for an ulcer of the cervix for 
months will refer her for treatment with the 
request that she be not told that a carcinoma 
exists. The patient has probably repeatedly 
asked him if she has cancer and has been em- 
phatically informed that there is none present, 
even in in view of the fact that no biopsy has 
been done to verify or refute the statement. 
The consultant is really ‘“‘put on the spot’”’ at 
such times. He must decide whether to defer 
to the wishes of the patient or to those of the 
relatives or a fellow-practitioner who has been 
remiss in his duties to the patient in not ta\ing 
all precautions for making an early diagnosis 
by modern methods. A little “white lying” 
on the part of the consultant at times may be 
justifiable when the patient is moribund, but 
when such a condition as carcinoma exists 
which not only necessitates radical surgical 
treatment or adequate radiation therapy and 
in which frequent follow-up examinations are 
necessary: for further treatment or statistical 
study, it requires co-operation on the part of 
the patient; this necessitates telling what the 
condition actually is. 

Imagine trying to treat a patient with dia- 
betes, nephritis, or cardiac decompensation 
without telling him what he has; still, all are 
incurable according to a strict interpretation, 
but are controllable by diet, medication, and 
rest if the patient understands and co-operates. 
The profession never did get very far in its 
fight against tuberculosis as long as the patient 
was told, ““You have weak lungs,”’ or ‘““You are 
in a decline,”’ or ‘“You have a chronic bronchi- 
tis.”’ On the other hand, when the patient 
was informed that he had pulmonary tubercu- 
losis which required isolation to keep him from 
infecting the rest of the family or his friends, 
and that sanitorium treatment with bed rest 
was absolutely necessary, then we began to 
control tuberculosis. The patient had to know 
and help in the battle. 

The same thing applies to cancer. Many 
doctors seem to fear telling patients that they 
have carcinoma. Why this is so, is difficult 
to explain. When we begin to tell patients 
what they have instead of hiding behind some 
fantastic explanation of symptoms at the re- 
quest of others, then will we get co-operation. 
We must educate not only the patient but the 
entire family to the fact that because a malig- 
nancy exists the patient need not consider him- 
self to be a social outcast. Undoubtedly, the 


relatives are altruistic in their request for 
secrecy but sooner or later some “‘kind neigh- 
bor’’ will break the news if the physician does 
not. If confidence is to be mutual on the part 
of the patient and physician, then it is better 
that the true situation be told. In some 
patients the reaction might be severe at first 
as a few become hysterical, but in a day or two 
their morale will be back and co-operation will 
be established. Furthermore, we must not 
forget that these same children of the patient 
under consideration who have requested se- 
crecy will some time reach the “cancer age.” 
They will demand the truth that was withheld 
from their parents. 

If the campaign against cancer is to be suc- 
cessful, it will require that the laity and the 
profession work together. Patients come with 
a straightforward story to the physician and, 
after a careful examination, expect a frank 
opinion. This examination should be thorough 
and, whenever possible, the opinion should be 
fortified by microscopic confirmation. The 
patient may not believe that carcinoma exists 
and may seek other advice, but at least the 
consultant will have done his duty in arriving 
at a correct opinion and advising suitable sci- 
entific treatment. 

ORVILLE N. MELAND, M.D. 
1407 South Hope St. 
Los Angeles 


The Editor wishes to learn the views on this 
problem held by the readers of Dr. Meland’s 
Editorial, and contemplates the publication of 
further communications if such are sent to him. 

A brief symposium on the subject may de- 
velop. 





COMMUNICATIONS 


A HELPFUL SUGGESTION 


Perhaps it may interest some of the older 
members of the Society to know that normal 
salt solution, used as a wet dressing, has proved 
beneficial in one case of very stubborn in- 
flammatory hyper-keratosis from long use of 
x-rays. For a great many years I have used 
ointments and lotions of many types and 
formule, but only within the last year have I 
resorted to sea water and normal salt solution, 
and I believe it is worthy of atrial. In my own 
case, I frequently go to sleep with a pair of 
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cotton gloves on my hands, with a little extra 
padding over the back of the hands and fingers, 
soaked with either sea water or normal saline 
solution. Occasionally, in between times, a 
little bland jelly with a lanolin base is used. 
ALBERT SOILAND, M.D. 





A REQUEST FROM 
DR. JOSEPH C. BLOODGOOD 


Will any physician reading this who has a liv- 
ing case of giant-cell tumor for which nothing 
has been done, or for which there has been only 
irradiation five years ago, report the case, 
stating (a) the location of the tumor, (d) 
function at the time treatment began, and (c) 
function now. Also, give the name and address 
of the physician who reports the case, and the 
patient’s name. The patient must be living; 
it must be at least five years since the begin- 
ning of treatment; there must have been a 
roentgen-ray diagnosis, with or without biopsy, 
and there must have been no treatment except 
irradiation. 

Information is to be sent to Joseph C. 
Bloodgood, M.D., 3301 North Charles St., 
Baltimore, Md. 





DR. STANLEY MELVILLE 


Because of the deaths of several of our 
pioneer radiologists, the medical world was 
made to see the dangers of the practice of 
roentgenology. In England, in 1921, a special 
committee was formed for the purpose of ad- 
vising on these dangers: Dr. Stanley Melville 
played a very prominent part in this action. 

To this committee on x-ray and radium pro- 
tection goes the credit for being the first in the 
work to draw up recommendations for safe- 
guarding workers in this field. So valuable 
was their work that in 1928, the international 
Radiological Congress, at Stockholm, adopted 
their constructive ideas as a basis for their 
recommendations. 

Dr. Stanley Melville, one of the foremost 
pioneer radiologists, took a most important 
but unobtrusive part in all that concerned 
medical radiology. He featured prominently 
in the establishment of the Diploma in Medical 
Radiology and Electrology (D. M. R. E.) at 
Cambridge, in 1919, and subsequently the 
teaching and examinations connected with it 
were his constant care. The Bi-Lingual Con- 
gress of 1922 and the First International 
Congress of Radiology in London, in 1925, were 


largely due to his initiative, as also was the 
formation of the British Institute of Radiology 
with which the Roentgen Society was event- 
ually incorporated. His untiring energy led 
him to do much for the welfare of the lay 
worker, taking a prominent part in the founda- 
tion of the Society of Radiographers. Not- 
withstanding the fact that he was sadly handi- 
capped physically, often suffering as the result 
of dermatitis incurred in the early days, Mel- 
ville never spared himself when any work in the 
field of medical radiology had to be done; to 
be ever ready to step into the breach seemed a 
natural course of events. 

The following eminent British radiologists 
are members of a committee to consider a 
memorial to perpetuate the name of Stanley 
Melville, such as a traveling fellowship in 
radiology or some other form of acknowledg- 
ment yet to be determined: Humphry Rolle- 
ston, Rutherford L. S. T. Burrell, G. W. C. 
Kaye, G. W. Mitchell, R. S. Paterson, Leo A. 
Rowden, Sidney Russ, J. Duncan White, and 
A. E. Barclay. 





PROFESSOR PASQUALE TANDOJA 
IN MEMORIAM 


Word has been received of the death of Pro- 
fessor Pasquale Tandoja, an esteemed experi- 
menter and practicer of radiology. Professor 
Tandoja has been for a number of years on the 
Foreign Advisory Staff of this Journal, and 
had many friends among radiologists in this 
country. Since the first International Congress 
of Radiology, in London, he had attended these 
gatherings, and many beside his fellow-country- 
men will mourn his passing. 





THE FIRST INTERNATIONAL 
CONGRESS OF ELECTRO- 
RADIOBIOLOGY 


VENICE, SEPT. 10 To 15, 1934 


The International Society of Radiobiology, 
established through the initiative and good- 
will of a few people interested in radiobio- 
logical sciences and which has been for some 
time developing its activity through the keen 
work of its Secretary, Dr. De Protti, of Venice, 
was constituted into an official body at the 
meeting of its first Congress, which took place 
in Venice during the month of September last. 











Under the high Honorary Presidency of 
H. E. G. Marconi, President of Accademia 
d'Italia (the Academy of Italy), H. E. Conte 
G. Volpi di Misurata, State Minister, acting 
as Chairman, the Congress has carried out its 
works, which, owing both to the participation 
of famous scientists and to the importance of 
the subjects treated, proved of exceptional 
interest to all persons devoted to the study of 
physical, biological, and medical sciences. 
Among the many persons present at the meet- 
ings we should like to mention Prof. Abder- 
halden and Prof. Behnken as representatives 
for Germany, the Duca di Broglia and Prof. 
Kopanwski for France, Mr. Arthur Compton 
(Nobel prize) and Dr. Francis Carter Wood 
on behalf of the United States, Mr. Adrian 
(Nobel prize), for England, Mr. Marinescu 
representing Romania, Mr. Baron and Mr. 
Gurwitsch for Russia, and again for Italy 
H. E. E. Fermi and H. E. Parravano, H. E. 
Rondoni, all Academicians of Italy, beside a 
large number of scientists belonging to various 
learned societies. 

Reports of great scientific value were then 
made, among which I should like to mention 
as of great importance those by Mr. Arthur 
Compton on “The Physical and Chemical 
Effects of Electrical Radiations’’; Dr. F. C. 
Wood on “The Biological Effects of Ultra- 
sounds’; Mr. C. Foa and Mr. Adrian on 
“The Electrical Activity of the Nervous 
System”; Signor Castaldi on ‘‘The Biological 
Effects of the Hertzian Waves’; Mr. Sa- 
kowsky on “The High Frequency Oscilla- 
tors.’ Remarkable reports were also sub- 
mitted at subsequent meetings, among which 
were those by Mr. Ornstein on “The Quanti- 
tative Methods of Spectrophotometry”’ and 
by Prof. Abderhalden on “The Influence of 
Ultra-violet Rays on Proteinaceous (?) Sub- 
stances.” Especially worthy of notice was 
the report by Prof. Gurwitsch on ““The Present 
Stage of the Mitogenetic Problem,’ following 
which Mr. Marinescu’s report dealt with 
“The Regeneration of Nerves as Related to 
Mitogenetic Radiation’’ and by Mr. Rahn on 
‘“Micro-organisms as Detectors of Mitogenetic 
Rays.’ Important communications were also 
made by Mrs. Prof. Brunetti on ‘‘Spectro- 
graphy in Biology’; by Mr. E. Regener on 
“The Measuring of the Solar Ultra-violet 
Spectrum in the Stratosphere’; by Prof. 
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Huskins on “The Latest Progress of Genetic 
Radiation’; by Prof. Capelli on “The Bio- 
logical Action of the Roentgen Rays on 
Cancerous Tissues’; by Dr. Wood on ‘‘The 
Roentgen Sensitivity of X-rays of Individuals 
Submitted to Ultra-violet Irradiation’; by 
Sig. Foa and Sig. Galli on ‘The Biologic 
Effects of Secondary Radiations’; by Mr. 
Rivera on “Researches of the Radio-action on 
Lower and Higher Vegetative Organisms’’; 
by Sig. Santo-Ricci on ‘Measuring by Means 
of Absorbomicrometric Scales’; by Mr. Do- 
brovolskaja-Savadskaja on ‘‘The Influence of 
X-rays on Heredity’; by Sig. Balli on ‘The 
Action of X-rays on the Cellular Elements’’; 
by Prof. Behnken on “The Dosimetric Pro- 
cesses in Radiobiology’’; by Sig. Pugno Vanoni 
on ‘‘Radio-roentgen Measurements.’’ Special 
mention must also be made of the reports of 
Mr. Donaggio on ‘‘The Action of X-rays on the 
Neurofibrillous Net’; of Sig. Palmieri on the 
‘“‘Radiobiotanalogic (?) Phenomena’; of Prof. 
Scholte on ‘““The Action of X-rays on Nervous 
Tissue’; of Sig. Allodi on ““The Radiology of 
the Fascia,’’ and of Sig. Rivera on the ‘“‘Bio- 
logic Action of Metals.”’ 

At later meetings which were held at Padua 
University, Messrs. Regener, Compton, Black- 
ett, Rojji, and Fermi spoke on other subjects 
of interest in connection with the physics of 
X-rays. 

The communications made in connection 
with the reports and dealing with similar 
subjects submitted to the attention of the 
Congress, were also numerous. Such com- 
munications amply proved that the greatest 
attention is being given to radiobiologic 
problems in every country and that the interest 
in such problems is ever on the increase. This 
appeared so evident at the closing of the 
activity of the Congress and to such a degree 
that the assembly deliberated, together with 
the final foundation of the International Society 
of Radiobiology, upon the institution of a per- 
manent International Center of Radiobiologic 
Studies, with headquarters in Venice, of which 
the “Radiobiologic Review’ is the official 
organ. The direction of the Society is still 
entrusted to Mr. De Protti, and the next 
meeting of the Congress has been fixed for 
the year 1936. 

Mario PONZIO 
Turin, Italy 





ce ec i es XNA ONG BIN PSE IE ENE’ 








Sees qeeeomet ere 


Soe pac Pr 


sr tts 


roLehe eae 





ABSTRACTS OF CURRENT LITERATURE 


CONTENTS BY SUBJECT 


USPTO TC 7 0 Sa a Oe eg a 756 
RTE M eg oy Lar, iol he fo 50" 4G os a Feet aiese aleve a ka 756 
Rare MIBIANITA yeas 's--(nis wares Aaya as 756 
US EESe COSC) 7a 758 
REAM PINON 24 6s aca seisn co sie Spee oh wave ood aes ae loss 758 
DOTS TO. 0 Oa oe OS RSP ear 758 
OO Se ae gee ee | ene) RON Ry ee ae 759 
Gall Bladder (Normal and Pathologic).......... 759 
Gastro-intestinal Tract (Diagnosis)............. 759 


Genito-urinary Tract (Diagnosis)............... 760 
Heart and Vascular System................... 760 
Tce RN Ay AE sce 2h dS Need ores Ws Slaia dos Gua doaeor 760 
DU Mem MRS cg io xD Syke x Ducal aap ete ae deuce 761 
eet RMN ee cre tee 2 isn ao cs ADs g Alisigicos oT 762 
Silicosis and Pneumonoconiosis................ 762 
Bue Ee Oo) 763 
MR yrOtd CIRCA DY) <4 cia es discs: Ode 0s aes hws 763 
Vasomotor Disturbances... . 0... 0066405052000 764 


THE FOLLOWING ABSTRACTORS HAVE CONTRIBUTED TO THIS ISSUE 


J. N. Ank£, M.D., of New Orleans 

G. E. Burcu, Jr., M.D., of New Orleans 
Hans A. JARRE, M.D., of Detroit 

E. T. Leppy, M.D., of Rochester, Minnesota 


CONTENTS OF ABSTRACTS IN THIS ISSUE, 


ARENDT, J., and BRocKMANN, H. Unusual 
Pyelographic Observations (Penetration into 
the Renal Parenchyma and Perforations)... 758 
BABAIANTZ, L., with GILBERT, R., jt. auth....... 764 
BEER, EDWIN, and THEODORE, FREDERICK H. 
Excretory Urography after Subcutaneous 


Injection of Neoskiodan.................. 758 
Bevicacgua, Luici1. The Roentgenologic Pic- 

ture of Arthritis of the Cervical Spine...... 756 
BIsGARD, J. Dewey, with HAMILTON, HOWARD 

Re URED Se he 5p dcievaaua WS se eS Ue ag eee 759 


BRANCADORO, GUISEPPE. The Importance of 
Roentgenologic Examination in Diverticu- 


Oe gr Se a a ee nec eee 760 
BROCKMANN, H., with ARENDT, J., jt. auth....... 758 
~~ EpwIin N., with RIENHOFF, WILLIAM 

DUN aR AMMEN see sara ase sis So Sayeed Bs. 762 
pe ArtHUR C. The Present Status of 

Radiation in the Treatment of Cancer...... 756 


Connors, J. F., and Nasu, I. E. The Manage- 
ment of Urologic Complications in Injuries 
to the Spine: Report of 54 Cases without 


a Single Infection in the Urinary Tract...... 760 
CuTLeR, Max. The Problem of Radiosensi- 

NOUR 6 ote De ea ae aa ae AS 756 
Davies, H. X-ray Treatment in Some Condi- 

tions of the Thyroid and Thymus.......... 763 
DesJARDINS, ARTHUR U. The Etioiogy of Lym- 

phoblastoma. . 758 
Dyes, Orro. Radiation “Therapy of Actinomy- 

cosis atest er Ree oan ened OAM iA fleets 4y 756 
Dyers, Orto. The Roentgen Image of the Third 

and Fourth Cerebral Ventricles............ 763 
ELLINGER, E. Pulmonary Lesions Produced by 

RRR oa Vs tone ak eV ada deans Oe 
FRAY, WALTER ine with MCCANN, WILLIAM §&., 


jt. auth.. 
GARDNER, L EROY u. “Inhaled ‘Silica and its Ef- 

fect on Normal and Tuberculous Lungs.... 762 
GILBerT, R., and BaBarantrz, L. Roentgen 

Therapy of Vasomotor Disturbances of the 


ENR So or nao ate ken tees eae tM 
Grier, GEORGE W. Treatment of Cancer of the 
Breast. : Ne a eee 0 


HAMILTON, Howarp a, Ric, C. O., and Bts- 
GARD, J. Dewey. Cholecystitis and Cho- 
lelithiasis Or RE en ca kaava eens 759 

HIMLER, L. E., with WAGGONER, R. W. ™ auth, 758 


Davis H. ParpDOo.i, M.D., of Chicago 

E. A. PouLe, M.D., Ph.D., of Madison, Wisconsin 

CHARLES G,. SUTHERLAND, M.D., of Rochester, Minne- 
sota 


LISTED ALPHABETICALLY BY AUTHORS 


Hopcson, H. GraHaM. The Radiology of the 


Gall Bladder. . 759 
HuRTADO, ALBERTO, ‘with McCann, WwW ILLIAM Ss. 

jt. auth.. ee 
KALTREIDER, Notan, with McCann, Ww ILLIAM s, 

NCE estos ie ates oA ee des 761 


KaPe._, O. Badly Healed Fracture of the 
Styloid Process of the Radius Successfully 
Treated by Prolonged Immobilization... . . 759 

KLAUDER, JOSEPH V., and ROBERTSON, HAROLD 
F. Symmetrical Serous Synovitis (Clut- 
ton’s Joints): Congenital Syphilis and Inter- 
stitial Keratitis. SO ee eyo een Bree . 760 

McCann, WILL1aM S., HurtaDo, ALBERTO, Kat- 
TREIDER, NOL AN, and FRAy, WALTER W. 

The Estimation of Functional Disability in 


the Pulmonary Fibroses................. 761 
MANARA, ACHILLE. Shadows around the In- 

ternal Condyle of the Femur............. 759 
MARINI, BENEDETTO. The Radiologic Diagnosis 

of Exudative Pericarditis................. 760 


Nasu, I. E., with ConNors, J. F., jt. auth....... 760 
NosakI, SHUEI, with Tamiya, CHICHIO, jt. auth. 759 
Perona, P. Chronic and Productive Lesions of 

the Terminal Ileum Studied by Mirrored 


NRO ENE 5 ao ane Sis eracw'sey ah alee . 760 
Ricu, C. O., with Hamitton, Howarp B., jt 
auth.. Poh aH Cee Dre Pai ie Ke 759 


RIENHOFF, WwW ILL IAM F. “JR. and Broy.es, Ep- 
WIN N . The Surgical Treatment of Carci- 


ROBERTS, _— PH E. 


Ee eRe ake ee ae ew 762 
ROBE RTSON, HAROL b F,, ‘ with Ku AU DER, Josep PH 

Wa ct MMII a kc 275 orais 4.0 arch itasiacaas 760 
TAMIYA, Cuicnio, ‘and. Nosak1, SHUEI. Poliso- 

graphic Studies of Pathologic Gastric Pro- 

cesses with Particular Reference to the Early 

Diagnosis of Gastric Carcinoma...... 759 
THEODORE, FREDERICK H., with BEER, EpwIn, jt. 

MMR Bia hie eR ave uke x Ces ee 758 
WAGGONER, R. W., and Himier, L. E. En- 

cephalography under Nitrous Oxide Anes- 

thesia. . CEPT ree pee en 708 
Woop, Harry G. Congenital Cystic Disease of 

the Lungs: A Clinical Study. 761 
Zuppa, ARMANDO. Calcification of the Nucleus 

OSE ee ene ree ; 763 


wee 
400 








756 


ACTINOMYCOSIS 


Radiation Therapy of Actinomycosis. 
Strahlentherapie, 1934, 50, 641-657. 

Radiation therapy of actinomycosis is of benefit in 
many cases, provided that sufficiently high doses are 
applied. In the experience of the author it is neces- 
sary to administer approximately 600 r effective in the 
diseased tissue. This dose should be given within six 
days. Even patients with involvement of inner organs 
may be saved unless the destructive process has ad- 
vanced too far. Iodine medication does not seem to be 
necessary to obtain good end-results. From a cosmetic 
standpoint alone roentgen therapy is superior to surgery 
in external lesions, particularly around the mouth and 
neck. 


Otto Dyes. 


Ernst A. PoHLe, M.D., Ph.D. 


ARTHRITIS 


The Roentgenologic Picture of Arthritis of the 
Cervical Spine. Luigi Bevilacqua. Arch. di radiol., 
1934, 10, 182-188. 

Bevilacqua, of Padora, first discusses briefly the 
embryology and anatomy of the vertebral column and 
then takes up in detail the cervical spine. In this expo- 
sition he emphasizes especially the radiologic examina- 
tion of the articular apophysis which he carries out by a 
particular technic which he illustrates. 

E. T. Leppy, M.D. 


CANCER (THERAPY) 


The Problem of Radiosensitivity. Max Cutler. 
Jour. Am. Med. Assn., Oct. 20, 1934, 103, 1204-1209. 

Following the discovery of x-rays and radium about 
thirty-five years ago, the problem passed through a 
preliminary experimental period of physical and biologic 
studies that were essential to establish the fundamental 
basis of radiotherapy. Physicians are only beginning 
to approach an understanding of some of the principles 
of radiotherapy and their clinical application to the 
treatment of cancer. 

With present methods, squamous carcinoma fulfils 
all the criteria of the definition of a radiosensitive tu- 
mor, but this fact is not known to many pathologists 
and clinicians. That the microscopic structure of a 
tumor is only one of a group of factors which indicate 
the property and degree of radiosensitivity is now fully 
established. An estimate of radiosensitivity in rela- 
tion to treatment can, therefore, be made only in con- 
sultation between the pathologist and the radiothera- 
peutist if erroneous and misleading deductions are to 
be avoided. Investigation dealing with the physio- 
logic and biologic effects produced in normal and neo- 
plastic tissues exposed to x-rays and radium attempts 
to explain the method by which irradiation effects the 
disappearance of tumor cells and at the same time pre- 
serves the normal structures. The response of tumors 
to irradiation is governed by a group of factors includ- 
ing physical, histologic, pathologic, and clinical, which 
in combination with one another determine the ulti- 
mate result. The failure to recognize the relative im- 
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portance of all the principles that influence the ulti- 
mate result may lead to errors in interpretation of radio- 
physiologic phenomena. Observations emphasize the 
inadequacy of microscopic studies alone to predict the 
response of tumors to radiation therapy. A decision 
on the choice between operation and irradiation in the 
treatment of a given tumor is at times exceedingly dif- 
ficult. Of the several factors that determine the suc- 
cess or failure in the radiotherapy of a given tumor, the 
factor of radiosensitivity is the most important. 

A radiosensitive tumor may be defined as one that 
can be completely destroyed by a correct irradiation 
without permanent damage to the surrounding normal 
structures. The complete sterilization of a tumor by 
irradiation can be accomplished in two ways: (1) 
selective radiation and (2) caustic radiation. Selec- 
tive radiation sterilizes cancer cells without causing 
serious damage to the surrounding normal structures. 
Caustic radiation not only destroys the tumor but ser- 
iously injures the surrounding normal tissues. 

Carcinomas arising from the epidermoid structures 
of the skin and mucous membrane comply with the 
criteria of radiosensitivity. Outstanding examples of 
radioresistant tumors are adenocarcinomas, melanomas, 
fibrosarcomas, and osteogenic sarcomas. Carcinoma 
of the breast possesses an intermediate degree of sensi- 
tivity. 

Regaud and Nogier (1914) and Delbet (1918) ob- 
served that when radiation is administered by repeated 
exposures over a prolonged interval the tumor cells be- 
come more resistant and develop a radio-immunity, 
whereas the normal cells become more radiosensitive 
and more subject to radionecrosis. It was shown ex- 
perimentally that by prolonging the time of treatment 
the threshold of cutaneous necrosis is increased by 50 
per cent, while at the same time the threshold of steri- 
lization is maintained at its original level. 

The saturation method of Pfahler and the technic of 
Coutard are compared and a technic of teleradium 
therapy, somewhat different from that of Coutard, is 
given in detail. 

CHARLES G. SUTHERLAND, M.D. 


The Present Status of Radiation in the Treatment 
of Cancer. Arthur C. Christie. Jour. Am. Med. 
Assn., Sept. 29, 1934, 103, 985-989. 

The rational basis for radiation therapy goes back 
to the early discovered fact that embryonal types of 
cells are more radiosensitive than adult forms. The 
shorter the life cycle of the cell the more sensitive to 
radiation, and vice versa. Lymphocytes have the short- 
est life cycle and are, therefore, more sensitive to radia- 
tion; bone and nerve cells have the longest life cycle 
and are, therefore, more resistant. Among other fac- 
tors that are equally important are the general condi- 
tion of the patient and his reaction to radiation, the 
immediate tissue environment of the cancer (the 
cancer bed), and the relation of the growth to vital 
organs or important tissues that may suffer injury. 





noms 


a amet eee 





ABSTRACTS OF CURRENT LITERATURE Gob 


Except in superficial cancers in which it is possible 
to destroy the growth by the caustic effect of radia- 
tion, the single massive dose method has been prac- 
tically abandoned. Some type of fractional dose 
is now in general use. The “saturation method’’ of 
Pfahler consists of administering a large initial dose 
and maintaining the radiation effect at a maximum 
by giving a small daily dose until the total dosage is 
attained. The Coutard fractional dose method of 
applying the roentgen rays consists in giving a large 
total dose over a prolonged period (from 18 to 35 
days), an equal amount being given daily until the 
total dose has been reached. Results have been ob- 
tained by this method which are superior to any 
previously thought possible. Holfelder has used a 
method that aims to take advantage of the large 
initial dose of the ‘‘saturation method” and subse- 
quently to build up the dosage by the method of 
Coutard. The increased benefits from the fractionated 
dose method appear to arise from the improvement in 
the ratio between the destructive effect on the neo- 
plasm and the reaction in the surrounding normal 
tissues. 

Progress has also taken place in methods of radium 
therapy, especially in respect to interstitial radiation. 
The use of gold and platinum seeds was a great ad- 
vance over glass seeds for the interstitial application 
of radon; the increased filtration lessens the danger of 
localized necrosis. The use of tubules, or needles from 
3 to 6 cm. in length with a very small amount of radon 
or radium element to the running centimeter in the 
form of a grid, has secured a fairly uniform dosage. 
Further advance may be made in roentgen apparatus 
by securing a much greater energy output by the use of 
tremendously higher milliamperage rather than by an 
increase in voltage. 

Because of results obtained in large numbers of 
primarily inoperable and seemingly hopeless conditions 
and in recurrences after operation, and because of im- 
provements in results when used in addition to surgery, 
the attitude toward radiation has radically changed 
during the past three or four years. Cancers of the 
skin have been treated by radiation methods almost 
from the time of the discovery of the roentgen ray. 
The basal-cell type when it is small and does not 
involve cartilage or other important structures is 
readily curable. The fractionated method of Coutard 
constitutes an epochal advance in dealing with lesions 
involving cartilage. The primary treatment of squa- 
mous-cell epithelioma should be a thorough irradiation 
of the entire lymphatic drainage area by the fractional 
method. The added danger of dissemination must be 
weighed when biopsy is contemplated; it should be 
postponed until about two weeks after roentgen 
irradiation to lessen the liability of spread. If there is 
any residuum of the primary lesion it can be destroyed 
by electrocoagulation or by implanting interstitially 
gold or platinum radon seeds or small needles of radium 
element. If excision is to be done at all, it should al- 
ways be preceded by irradiation. 

C. G. SUTHERLAND, M.D. 


Treatment of Cancer of the Breast. George W. 
Grier. Pennsylvania Med. Jour., October, 1934, 38, 
19-23. 

The author discusses the treatment of cancer of the 
breast under the following subtitles: radiation with- 
out operation, pre-operative radiation, post-operative 
radiation, and treatment of recurrences. 

It was formerly believed that radiation without 
operation should be confined to those cases of cancer of 
the breast which have been declared inoperable. Sir 
Berkeley Moynihan stated that he had abandoned sur- 
gery for radiation in breast cancer. However, the 
author believes that operable cases should have the 
benefit of surgery, as this procedure removes large 
masses of tumor tissue rapidly, saves much unnecessary 
radiation, and is followed by a sufficiently great per- 
centage of permanent cures to justify the operation. 
The thoroughness of the surgical procedure in com- 
pletely eradicating the disease should be closely followed 
in radiation therapy of this condition. Two cases of 
inoperable breast carcinoma are presented which de- 
monstrate the possibility of completely removing large 
cancerous masses by roentgen-ray treatment alone. 

The author’s technic consists in giving an initial 
full dose of radiation of sufficient quality to produce an 
effect in all parts of the tumor. If the initial dose is 
not given at one sitting, but divided up into fractional 
doses, the time required to give the full dose should not 
be more than four days and the dose should be in- 
creased sufficiently to make up for the loss incident to 
the interval between treatments. It is considered of 
importance to follow the initial dose by subsequent 
treatment at an interval which will not allow for re- 
covery of the tumor from the first treatment. This 
interval should not exceed two weeks, at which time it 
is necessary to compute the dissipated radiation and 
apply sufficient radiation to replace this dissipated 
radiation. This process must be continued until the 
cancer becomes inactive. 

The object of pre-operative radiation is to devitalize 
the cancer cells so that they will be less likely to grow 
if they enter the circulation during the operation and 
are deposited in some distant region. The author does 
not believe it advisable to delay operation in order to 
give pre-operative radiation, and when this form of 
radiation is employed, he is of the opinion that the 
operation should not be delayed any longer than it 
takes the patient to recover from the roentgen sickness. 
The technic used consists of administering a full dose 
over the breast, axilla, and supraclavicular region, using 
200 K.V. and 0.5 or 0.75 mm. copper filter. 

Post-operative radiation is employed to destroy can- 
cer cells that may be left after operation, and has been 
used by the author for a period of about twenty-five 
years. While there has been considerable difference 
in opinion regarding the value of this form of radiation, 
it is believed that the technic employed and the skill 
of the radiologist have much to do with the success of 
this form of therapy. Radiation of a quality produced 
by 135 K.V. is considered preferable to 200 K.V. for 
treatment of the breast area and axilla because of the 
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possibility of producing injury to the underlying lung 
with the latter technic. 

Cutaneous and subcutaneous recurrences are usually 
sensitive to radiation if they have not been neglected 
and allowed to break down and ulcerate. From 120 
to 135 K.V., with a filter of from 1 to 3 mm. of alumi- 
num, is considered sufficient for these lesions. An 
erythema dose is applied every two weeks until the 
nodules disappear. In case in which the recurrent 
lesion is larger and from one-half to one inch in thick- 
ness it is best to use high voltage therapy at once, ap- 
plying from 1,000 to 1,100 r at the initial dose, using 200 
K.V. and 0.5 mm. copper filter. 

J. N. Ané, M.D. 


CHRONIC INFECTIONS 


The Etiology of Lymphoblastoma. Arthur U. 
Desjardins. Jour. Am. Med. Assn., Oct. 6, 1934, 103, 
1033-1036. 

The factor immediately responsible for lymphoblas- 
tomatous hyperplasia of the lymphoid structures is 
chronic infection of any kind. This may be tubercu- 
lous, pyogenic, or even syphilitic; in fact, the variety of 
infection is*of little consequence, provided the infec- 
tious element has been present for a sufficiently long 
time. The duration of infection may vary considerably 
in different patients. Evidence of long-standing will 
be obtained in the majority of cases. The historical 
inquiry should be directed to trouble with the teeth, 
sore throat, sinusitis, repeated earache, frequent bron- 
chial colds or disorders involving the gall bladder, 
gastro-intestinal and genito-urinary tracts. The prac- 
tically constant association of infection and primary 
lymphadenopathy in the same region and on the same 
side of the body can hardly be regarded as a coinci- 
dence. 

In a small proportion of cases (less than 10 per cent) 
also more or less clear indications of an antecedent 
tuberculous process may be noted, but in the majority 
of patients tuberculosis does not appear to play an 
etiologic part. 

A predisposing factor also is required to provide a 
suitable background for the immediate cause. This 
additional and essential element is probably to be 
found in a hereditary predisposition or tendency, trans- 
mitted from generation to generation, of the lymphoid 
tissue to react in a certain way to various noxious in- 
fluences. 

Twelve case histories have been reviewed in detail 
to illustrate these contentions. 

CHARLES G. SUTHERLAND, M.D. 


CONTRAST MEDIA 


Unusual Pyelographic Observations. (Penetration 
into the Renal Parenchyma and Perforations.) J. 
Arendt and H. Brockmann. Fortschr. a. d. Geb. der 
Rontgenstrahlen, April, 1934, 49, 335-341. 

Several such accidents of instrumental pyelography 
are described, especially a fistulous tract leading off 


a pyonephrotic renal pelvis on the left side into the 
duodenum. Furthermore, tubular injections and so- 
called pyelovenous reflux are shown—a differentiation 
between these two manifestations is demonstrated on 
the basis of investigations by Fuchs and Minder. 
Finally, demonstration of the renal veins as a result of 
pyelovenous reflux is described, resulting possibly on 
account of the presence of blocking accessory vessels— 
arteries. All cases reported showed evidence of real 
renal disease. The opinion is expressed that the ob- 
servations of such accidents indicate an incontinency 
of the renal pelvis and parenchyma to pressure in the 
presence of a pathologically altered renal mucosa and 
parenchyma. 

(We are of the opinion that two factors are entirely 
overlooked in this article. First, absorption of con- 
trast medium in the renal parenchyma seems possible. 
Such an absorbed contrast medium probably should 
delineate not the renal veins but more likely the renal 
lymphatics. Secondly, we doubt that pyelovenous 
reflux ever has been proven conclusively; that, on the 
contrary, a pyelolymphatic reflux would seem to be a 
much more logical explanation of some of the images 
discussed. ) 

H. A. Jarre, M.D. 


Excretory Urography after Subcutaneous Injection 
of Neoskiodan. Edwin Beer and Frederick H. Theo- 
dore. Jour. Am. Med. Assn., July 21, 1934, 103, 
181-183. 

In 1931 Butzengeiger first attempted subcutaneous 
injection of skiodan in adults, using a 4 per cent (iso- 
tonic) solution and injecting 500 c.c. containing 20 gm. 
into the axilla. In 30 cases he reported results almost 
as satisfactory as those obtained by intravenous in- 
jection. The maximum excretion appeared from thirty 
to fifty minutes after injection, and there were no local 
or general deleterious effects. Hillebrand used the 
method in 1932 to demonstrate a renal tumor without 
disturbance, inflammatory or necrotic, at the site of 
injection in the axillary tissues. 

In the service at Mount Sinai Hospital 15 patients, 
10 of them children, have been injected in this way 
with fairly satisfactory results. The best urographic 
shadows were obtained about fifty to sixty minutes after 
injection. Good urograms can be made at any time 
from thirty to ninety minutes after injection, in the 
authors’ experience. 

CHARLES G. SUTHERLAND, M.D. 


ENCEPHALOGRAPHY 


Encephalography under Nitrous Oxide Anesthesia. 
R. W. Waggoner and L. E. Himler. Am. Jour. Roent- 
genol. and Rad. Ther., June, 1934, 31, 784-786. (Re- 
printed by permission from the British Med. Jour., 
Oct. 6, 1934, Epitome of Current Medical Literature.) 

The authors record 13 cases of encephalography in 
which nitrous oxide anesthesia obviated all subjective 
symptoms while the fluid was being removed, without 
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preventing a quick return of consciousness. This anes- 
thetic was found also to diminish the severity of the 
post-encephalographic reaction. The pulse rate, blood 
pressure, and respiration rate were recorded every few 
minutes, and no adverse manifestations were noted, 
whereas without an anesthetic the pulse frequently 
becomes weak and thready after about 50 c.c. of spinal 
fluid has been removed. The only objection is the ad- 
ditional expense involved. 

The increase in initial intracranial pressure conse- 
quent upon its use does not appear to be a contra-indica- 
tion. The age of the patients in the authors’ series 
ranged from 3 to 56 years. The average time required 
for drainage of the fluid was slightly under one hour. 
The authors add that no cases with choked discs or 
posterior fossa tumors have been included so far, al- 
though two with frontal and temporal tumors were 
clearly localized by this method. These two patients 
were up and free from headache in less than forty-eight 
hours. 


FRACTURES 


Badly Healed Fracture of the Styloid Process of the 
Radius Successfully Treated by Prolonged Immobiliza- 
tion. O. Kapel. Hospitalstidende, June 26, 1934, 77, 
786-788. (Reprinted by permission from the British 
Med. Jour., Oct. 6, 1934, Epitome of Current Medical 
Literature.) 

The author finds that in certain fractures, such as 
those of the os naviculare manus and of the styloid 
process of the radius, inadequate immobilization may 
prevent bony union and ultimately lead to a painful 
wrist with chronic arthritis deformans. When im- 
mobilization is not continued long enough pain returns 
on movement, and it may then be waste of time to 
practise massage and active movements. A chauffeur, 
aged 49, fractured the styloid process of the right 
radius while cranking up a car. For three weeks the 
wrist was immobilized, and thereafter he was treated 
with massage and movements. As his wrist remained 
painful he was referred to the author, who secured it in 
plaster-of-Paris, in a position of slight dorsal flexion, 
with the fingers perfectly free. The patient was thus 
still able to do gardening. The plaster was changed 
every eight weeks and worn altogether for seven months, 
after which the movements about the wrist and fingers 
were perfectly free and painless. The successive x-ray 
examinations when the splint was changed showed 
progressive healing of the fracture. The author argues 
that if movements and massage had been continued 
when he took over this case, the patient would have 
had an always painful joint, with arthritis deformans 
and progressive invalidism before him. 





Shadows around the Internal Condyle of the Femur. 
Achille Manara. Arch. di radiol., 1934, 10, 240-249. 

The author discusses in detail the differential 
diagnosis of these shadows and emphasizes the im- 
portance they may have not only medico-legally but in 
the treatment of fractures of the lower femur and lesions 
of the knee joint. E. T. Leppy, M.D. 


GALL BLADDER (NORMAL 


AND PATHOLOGIC) 


Cholecystitis and Cholelithiasis of Childhood. 
Howard B. Hamilton, C. O. Rich, and J. Dewey Bis- 
gard. Jour. Am. Med. Assn., Sept. 15, 1934, 103, 829, 
830. 

Potter collected 226 cases of gall-bladder disease in 
children under fifteen years of age, as follows: fetuses, 
2; new-born infants, 12; 1-day-old infants, 9; infants, 
19; less than 1-year children, 18; one-to-five-year-olds, 
26; five-to-ten-year-olds, 55, and ten- to fifteen-year 
children, 85. Cholecystitis was associated with stones in 
44, no stones in 59, with jaundice in 30, and not stated 
in 93 cases. Stones were present in 140, absent in 48, 
and not stated in 128 cases. Primary malignant neo- 
plasms were found in two cases. Jaundice was present 
in 64, absent in 34, and not stated in 128 cases. The 
authors report a case in a boy 8 years of age. The gall- 
bladder wall measured 4 to 5 mm. in thickness and was 
densely fibrotic and somewhat edematous. It was 
firmly adherent to the duodenum. The mucosa of the 
gall bladder was markedly injected and presented small 
focal areas of necrosis. It contained one stone com- 
posed of bile salts. Cholecystectomy was done and 
the patient’s convalescence was uneventful. 

CHARLES G. SUTHERLAND, M.D. 


The Radiology of the Gall Bladder. H. Graham 
Hodgson. Proc. Royal Soc. Med., September, 1934, 
27, 1473-1478. 

It should be remembered that radiology is to be 
employed as an adjunct to clinical findings in the 
diagnosis of biliary tract disease. The author briefly 
reviews the development of radiographic studies of the 
gall bladder, beginning with the visualization of calculi 
to the present-day use of gall-bladder dye. A discussion 
of the technic employed in cholecystography and the 
interpretations of results is cited, among which an 
absence of the gall-bladder shadow indicates (1) that 
the liver is not excreting the dye, (2) that the cystic 
duct is blocked, or (3) that there is a breakdown 
through disease of one or more of the links in the con- 
centrating chain of the gall bladder, that is, either of 
the mucous membrane or of the vascular or lymphatic 
drainage. Some of the precautions that are to be taken 
in obtaining the cholecystograms before rendering a 
diagnosis in the case of a negative or positive shadow are 


discussed. 
G. E. Burcu, Jr., M.D. 


GASTRO-INTESTINAL TRACT 
(DIAGNOSIS) 


Polisographic Studies of Pathologic Gastric Processes, 
with Particular Reference to the Early Diagnosis of 
Gastric Carcinoma. Chichio Tamiya and Shuei 
Nosaki. Fortschr. a. d. Geb. d. Réntgenstrahlen, 
September, 1934, 50, 264-280. 

In the June, 1933 issue, of this Journal the authors 








published a paper in which they showed that the old 
method of “‘polygraphy”’ still must be regarded as a 
valuable technical procedure for the analysis of physio- 
logic and pathologic motor phenomena of the stomach. 
They were able to confirm Frankel’s conception of 
localized marginal gastric rigidity and his evaluation 
for the recognition of ulcerative and infiltrative lesions. 

The present paper is an experimental study on the 
stomach of cats following artificial production of 
tumor-like infiltrations by the injection of from 8 to 10 
per cent solution of zelloidin in a mixture of alcohol and 
ether. From their experiments the authors conclude 
that lesions measuring 0.7 sq. cm., located either in the 
mucosa or submucosa or involving the entire thickness 
of the gastric wall, can be recognized in ‘‘polisograms.”’ 
The criterion for their recognition, as stated in the 
previous paper and quite in agreement with other 
authors—Frinkel, Bernstein, Assmann, and others—is 
the localized marginal rigidity. Additional conclu- 
sions are drawn as to the occurrence of spastic retrac- 
tions opposite the organic lesions, the shortening of 
the lesser curvature, especially the pyloric segment, 
with gradual extension of a pathologic process and the 
effects of peritoneal adhesions in extra-ventricular 
tumors, the two latter frequently leading to a diminu- 
tion of peristalsis rather than a fixation of the gastric 
wall. 

It is interesting to record that a method which is now 
nearly twenty-five years old and has been forgotten for 
many years, still can produce very satisfactory results 
in the hands of careful experimenters. As it is a very 
simple technical procedure, it might well be employed 
more frequently, not to the exclusion of more modern 
methods, especially the ones of relief studies, but as an 
addition to such valuable procedures. 

Hans A. JARRE, M.D. 


The Importance of Roentgenologic Examination in 
Diverticulosis of the Colon. Guiseppe Brancadoro. 
Arch. di radiol., 1934, 10, 225-239. 

Brancadoro presents three cases of diverticulosis of 
the colon, with various symptomatology, in which a 
roentgenologic examination, carried out in various 
ways, alone made the correct diagnosis. After a dis- 
cussion of the pathogenesis and symptomatology of 
diverticulosis and diverticulitis, he insists on the 
necessity of considering diverticulosis as a possibility 
in obscure cases. 


E. T. Leppy, M.D. 


Chronic and Productive Lesions of the Terminal 
Ileum Studied by Mirrored Seriography. P. Perona. 
Arch. di radiol., 1934, 10, 145-181. 

Perona, of Padora, having shown that the terminal 
ileum resembles the stomach in many ways—morpho- 
logically, functionally, and in the architecture of its 
mucosa—points out how frequently appendicitis is 
associated with catarrhal enteritis and how one condi- 
tion may simulate the other. He, therefore, emphasizes 
the importance of a seriographic study of the mucosa 
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of the ileum and illustrates some aspects of ileal ca- 
tarrhal enteritis which reproduce in part at least the 
picture of chronic gastritis and colitis. Among these 
he points out that follicular enteritis has a picture 
which may resemble that of papillomatosis. 

In conclusion, he discusses the differential diagnusis 
between tuberculoma and blastomatous lesions in the 
ileo-cecal region and points out that a study of its 
filling may furnish evidence about its functional and 
structural peculiarities which may differentiate them. 

E. T. LEppy, M.D. 


GENITO-URINARY TRACT 
(DIAGNOSIS) 


The Management of Urologic Complications in 
Injuries to the Spine: Report of 54 Cases without a 
Single Infection in the Urinary Tract. J. F. Connors 
and I. E. Nash. Am. Jour. Surg., October, 1934, 
26, 159. 

The literature on injuries to the spine has been 
reviewed with especial reference to morbidity and 
mortality statistics both in military and civil practice. 

The pathologic physiology occurring in the spinal 
cord and in the urinary tract is described briefly. 

Infection of the urinary tract is found to be the most 
important cause of death in these injuries. Catheteri- 
zation of the bladder is accepted as the cause for in- 
fection in the opinion of almost all commentators. 

The management of the urologic complications has 
been outlined, stress being laid upon the absolute 
necessity for the avoidance of catheterization. The 
authors are aware that some cases are not infected 
by catheterization, but they feel that this is a matter of 
luck rather than sound judgment. They feel that 
twenty years of clinical experience justifies their views 
on this subject. 

An analysis is made of 54 cases treated in Harlem 
Hospital without a single infection in the urinary tract. 

Davis H. PArDoLi, M.D. 


HEART AND VASCULAR SYSTEM 


The Radiologic Diagnosis of Exudative Pericarditis. 
Benedetto Marini. Arch. di radiol., 1934, 10, 189-207. 

Marini recalls the well-known fact that in some cases 
a radiologic diagnosis of exudative pericarditis is very 
easy to make and in others very difficult, if not im- 
possible. He illustrates four cases he studied by various 
methods of examination and emphasizes that it is not 
safe to rely on one method of examination, but that 
it is better to use all available clinical and roentgenologic 
evidence together to make the diagnosis. 

E. T. Leppy, M.D 


JOINTS 


Symmetrical Serous Synovitis (Clutton’s Joints): 
Congential Syphilis and Interstitial Keratitis. Joseph 
V. Klauder and Harold F. Robertson, Jour. Am. 
Med. Assn., July 28, 1934, 103, 236-240. 

“Clutton’s joints’ refers to a painless hydarthrosis, 





Pilea 8. cE, 






























‘Sotieiaeanads 


per aes 


ai 





ABSTRACTS OF CURRENT LITERATURE 761 


which is not tender and is unassociated with bone 
changes. It usually involves the knee and may be uni- 
lateral but is more frequently bilateral. A synovitis is 
the primary and most important pathologic process. 
The condition is seen for the most part in syphilitic 
children and is the most common form of syphilitic 
change in the joints in the congenital variety of the 
liseese. Syphilis of the joints occurring in infants is 
, presented by inflammation secondary to involvement 
o. -he neighboring epiphysis. Serous synovitis (Clut- 
t’ .’s joints) in adults, the subjects of acquired syphilis, 

tncommon and usually precedes or accompanies the 





ecendary eruption. 

Roentgenographic examination shows no changes in 
the bone. The picture is merely that of a distention of 
the joint. Pathologically the synovial membrane is 
infiltrated and studded with gummas and is everywhere 
thickened and much more vascular than normal. 

CHARLES G. SUTHERLAND, M.D. 


THE LUNGS 


The Estimation of Functional Disability in the Pul- 
monary Fibroses. William S. McCann, Alberto 
Hurtado, Nolan Kaltreider, and Walter W. Fray. 
Jour. Am. Med. Assn., Sept. 15, 1934, 103, 810-814. 

Pneumonoconiosis presents a medico-legal problem 
of major importance. It is essential that objective 
means of estimating disability be sought which will be 
fair alike to workmen and employer in view of the 
growing tendency to adjust awards of workmen’s 
compensation to the degree of disability. 

The function of respiration is one jointly mediated 
by the heart, the blood, and the lungs. The authors 
have carried out investigations on the respiratory 
function of 53 cases of pulmonary fibrosis, not all of 
which were cases of pneumonoconiosis. Their studies 
dealt with the pulmonary capacity and its subdivisions, 
with the tidal air, dead space, alveolar gases, and re- 
sponse of the pulmonary ventilation to exercise. They 
included the usual diagnostic roentgenographic studies, 
together with measurements of areas of the pulmonary 
fields during maximum inspiration and expiration, with 
observations as to the behavior of the ribs and dia- 
phragm. The blood was studied in each case as to 
count, hemoglobin, cell and plasma volume, and gas 
content, particularly of the degree of saturation of the 
arterial blood with oxygen. The heart was carefully 
measured roentgenographically. Electrocardiograms 
were made in each case, and the cardiac output was 
measured in a large proportion of them. The total 
pulmonary capacity and its subdivisions were measured 
by the method of Christie. 

In order to determine to what extent the roetgeno- 
grams of the lungs gave clues as to the degree of func- 
tional impairment of respiration, the cases of pulmo- 
nary fibrosis were divided into six groups, according to 
the anatomic type of fibrosis revealed. The compari- 
son of the observed with the normal calculated pul- 
monary capacity in cases of pulmonary fibrosis indi- 


cated that a decrease in the total and vital capacities 
and an increase in the residual air are characteristic 
changes in this condition. These changes tend to be- 
come more accentuated as the degree of fibrosis in- 
creases, but frequent exceptions to this correlation 
emphasize the fact that one cannot judge accurately 
the degree of abnormality in pulmonary capacity from 
roentgenograms alone. 
CHARLES G. SUTHERLAND, M.D. 


Congenital Cystic Disease of the Lungs: A Clinical 
Study. Harry G. Wood. Jour. Am. Med. Assn., 
Sept. 15, 1934, 103, 815-821. 

Cases fall into two groups: (1) those in which there 
are single or multiple large cysts containing air and fluid, 
and (2) instances of diffuse degeneration resulting in the 
so-called honeycomb type of lung. The congenital 
origin of this disease is stilla matter of contention but 
in many cases the lesions are palpably present at birth 
and, more important still, in specimens obtained in 
later life, pigment is absent almost invariably. No 
simple mechanical explanation is available for what is 
manifestly a developmental anomaly of which many 
of the factors are unknown. 

Sixteen cases observed at the Mayo Clinic are re- 
viewed in detail. In this series, the lesions were wholly 
or chiefly limited to the right side of the thorax in eight 
cases and to the left in five. In three, the lesions were 
bilateral and of the honeycomb type. In three of the 
others in which the lesions were chiefly unilateral, there 
was evidence of bilateral involvement. Of the thirteen 
cases in which the lesions were chiefly unilateral, the 
cysts contained fluid in five, and air in eight. Both 
tuberculosis and syphilis seemingly can be ruled out as 
etiologic factors. Thirteen patients came to the Clinic 
with complaints associated with the pulmonary lesions, 
while in three the pulmonary lesions were purely inci- 
dental. 

Extensive lesions may be present with very few, or no, 
symptoms. The clinical manifestations vary greatly 
and depend chiefly on the extent of the lesions, on their 
site, and on whether or not there is a change in intra- 
thoracic pressure. Most characteristic Of all is a his- 
tory, obtained particularly with reference to infants 
and children, of recurring attacks of severe dyspnea 
with cyanosis. Such attacks occur only when an im- 
perfect bronchial communication exists. When pro 
gressive dyspnea develops in adults, without apparent 
cause, and with or without a preceding respiratory in- 
fection, the possibility of congenital cystic degeneration 
of the lungs should be considered. Theoretically, with 
increased intrathoracic pressure, the displacement of 
the heart and mediastinal structures should be away 
from the lesion. The differential diagnosis involves 
thoracic tumor, pulmonary abscess, empyema, der- 
moid cyst, and echinococcus cyst. 

Bronchoscopic examination and injection of todized 
oil and the injection of air into the pleural cavity have 
been of assistance in the diagnosis. 

Complete extirpation of  fluid-containing cysts; 
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bronchoscopic aspiration followed by injection of 
iodized poppy-seed oil has been useful in treatment. 
Diffuse, bilateral cystic degeneration of the so-called 
honeycomb type is not benefited by any form of treat- 
ment. 

CHARLES G. SUTHERLAND, M.D. 


Pulmonary Lesions Produced by Paraffin Oil. 
E. Ellinger. Fortschr. a. d. Geb. d. R6éntgenstrahlen, 
April, 1934, 49, 397-403. 

Three cases are reported of rather extensive indura- 
tive pneumonic consolidation of basal pulmonary 
segments which were traced to prolonged instillation 
of rather large quantities of paraffin oil. Reference is 
made to a similar case reported by Fischer-Wasels 
in which the diagnosis was confirmed at autopsy, and 
also to a case repor:2d by Bodmer and Kallés in which 
the diagnosis was made during the lifetime of the 
patient. Reports of American authors (Laughlen, 
Pinkerton, Pierson) are cited concerning pneumonia 
in children, resulting from aspiration of mineral and 
animal oils. 

The roentgen image is not characteristic and can 
hardly be differentiated from other indurative pneu- 
monic processes involving the lower lobes. A reliable 
diagnosis can be obtained only with due consideration 
of the patient’s history. For differential diagnosis, 
one must consider tuberculosis, bronchiectases with 
pneumonitis, carcinoma of the bronchus, tertiary 
pulmonary syphilis, pulmonary lymphogranuloma, 
actinomycosis, and a sarcoid pulmonary tumor de- 
scribed by Boeck. 

The prognosis of these pulmonary lesions is relatively 
favorable as the process is of but slow progression, 
even in the instance of instillation of the injurious oils 
which has extended over many years. 

Paraffin oil in the air passages, especially for treat- 
ment of nasal and laryngeal disease, preferably should 
be omitted completely, and replaced by saponifiable 
vegetable oils. 

H. A. JARRE, M.D. 

The Surgical Treatment of Carcinoma of the Bronchi 
and Lungs. William F. Rienhoff, Jr., and Edwin N. 
Broyles. Jour. Am. Med. Assn., Oct. 13, 1934, 103, 
1121-1128. 

The total removal of the entire lung bids fair to 
become eventually the operation of choice in the sur- 
gical treatment of malignant tumors of the bronchi 
and lungs. The development of a rational, safe, and 
thorough operative procedure is therefore of prime 
importance. The authors report two successful cases 
of pneumonectomy. 

Incidental to the development of an operative tech- 
nic for the removal of the thoracic esophagus, it be- 
came evident that compression of the lung by an 
artificial pneumothorax would serve two very valuable 
purposes, i.e., first, the patients were able to adapt 
themselves to breathing with the non-collapsed lung 
and also adjust themselves to the altered conditions of 
intrathoracic pressure that would exist during and 
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after the operation. Thus the shock attendant on 
opening the pleural cavity was negligible. The second 
purpose was to remove the lung mechanically as far 
as possible from the operative field so as to give the 
maximum exposure of the mediastinum with the 
minimum handling of the lung. The surgical proce- 
dure is described in detail. 
CHARLES G. SUTHERLAND, M.D. 


PNEUMONIA 


X-ray Diagnosis of Pneumonia. Joseph E. Roberts. 
Jour. Med. Soc. of N. J., October, 1934, 31, 568, 569. 
With the use of the x-ray the various pathologic 
changes of pneumonia may be followed throughout the 
course of the disease, beginning with the stage of con- 
gestion and continuing through resolution, all of which 
present rather characteristic findings. 
G. E. Burcu, Jr., M.D. 


SILICOSIS AND 
PNEUMONOCONIOSIS 


Inhaled Silica and its Effect on Normal and Tuber- 
culous Lungs. Leroy U. Gardner. Jour. Am. Med. 
Assn., Sept. 8, 1934, 103, 743-748. 

A very convincing array of clinical, statistical, and 
experimental observations has demonstrated that dusts 
composed, in whole or in part, of silica are capable of 
exciting a characteristic, progressive, nodular fibrosis 
of the lungs and that at the same time these organs be- 
come abnormally susceptible to the tubercle bacillus. 
All the other types of dust that have been thus far 
investigated can apparently be inhaled almost with 
impunity for long periods of time. 

It was originally claimed that only uncombined or 
“free” silica in the form of quartz was capable of pro- 
ducing this effect, but in recent years there has been a 
growing tendency to look with suspicion on some of the 
silicates (combinations of silica with bases). One of 
these, asbestos, a silicate of magnesium, is now a well 
recognized cause of pulmonary fibrosis, although the 
reaction is diffuse and not nodular in character. Jones 
claims that a silicate and not free silica is the important 
factor in the production of all cases of silicosis. Where 
silicosis developed he found a fibrous silicate of alumi- 
num and potassium called sericite in association with 
the quartz, and in cases in which there was no sericite 
there was no silicosis. Experimentally and practically, 
pure quartz has produced lesions essentially the same 
as those found in human silicosis. 

Gye and Purdy demonstrated that silica in colloidal 
form is a cell poison, which, injected intravenously in 
large doses, causes almost instant death but in smaller 
quantities produces proliferation of connective tissue. 
They proposed the hypothesis that particulate silica 
in the form of quartz is slowly dissolved in the alkaline 
fluids of the body, liberating minute quantities of col- 
loidal silica, which constitutes the irritant responsible 
for the proliferation of the connective tissues. Chemi- 
cal proof of this is difficult, but there is considerable 
indirect experimental evidence which favors the chemi- 
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cal theory of action. Uncombined silica causes a 
very rapid necrosis of tissues, which is not produced by 
silicates and non-siliceous dusts. If the concentration 
of silica is too low or if the particles are larger than 4 
microns in diameter, the response is less intense and no 
necrosis develops. Sericite produces inflammation 
but no necrosis; its action simulates that of granite, 
a mixture of silicates with quartz. Other substances 
containing no silica are practically inert. Cellular 
response to silica is due to some other property than 
solution, or ions liberated from free silica are more 
active than those from the silicates. In South Africa, 
Irvine has stated that about 75 per cent of all silicotic 
persons will die of tuberculosis and the same is probably 
true in this country. 

The evolution of uncomplicated silicosis is depicted 
in the light of experimental observations and of the 
few early cases of human silicosis that have come to 
autopsy. In the first stage of the legally recognized 
disease, the roentgenographic examination reveals 
minute nodules throughout the middle portions of the 
lung-field, often more marked on the right side. As 
the condition progresses these nodules increase in size 
and blot out the previous prominent linear markings. 
In the second stage the nodular shadows become so 
large that they tend to become confluent and obscure 
all the normal markings. However, they still retain 
their uniform distribution and the outlines of the indi- 
vidual units are fairly well defined. 

Human silicosis begins by damaging the pulmonary 
lymphatic apparatus and is followed by the develop- 
ment of nodular fibrosis of the parenchyma of the lungs. 
Silicosis specifically predisposes to infection with the 
tubercle bacillus. The mechanism of this action has 
not yet been determined, though it probably consists in 
some alteration of the soil rather than in changes in- 
duced in the infecting organism. Non-siliceous dusts 
localize about the lymphatic trunks and some of them 
excite the proliferation of small amounts of connective 
tissue (loose cellular), and they apparently do not in- 
crease susceptibility to tuberculosis. Non-siliceous 
dusts inhaled in combination with silica modify the 
action of the latter, altering the anatomic characteris- 
tics of the lesions and apparently decreasing the suscep- 
tibility to tuberculosis. 

CHARLES G. SUTHERLAND, M.D. 


THE SKULL (DIAGNOSIS) 


The Roentgen Image of the Third and Fourth 
Cerebral Ventricles. O. Dyes. Fortschr. a. d. Geb. d. 
Réntgenstrahlen, September, 1934, 50, 230-246. 

The posterior portions of the cerebral ventricular 
system are not as readily demonstrable as are the 
anterior ones, because of escape of the contrast me- 
dium through the aqueduct when patients are in prone 
frontal positions. However, with a sufficient exchange 
of cerebrospinal fluid and air and possibly also addi- 
tional introduction of lipiodol, a satisfactory demon- 
stration of the detailed structure of the third and fourth 
ventricles often can be obtained. It may be desirable 


to include fluoroscopic observations in the technical 
procedures, especially of the distribution of opaque 
oil, with additional roentgenographic records made 
instantaneously during various phases of the fluoro- 
scopic observations. Several case reports show success- 
ful diagnoses of a dural endothelioma and a glioma 
in the frontal lobes; furthermore, tumors of the 
cerebellum and the cerebral peduncles. These latter 
tumors produce protrusions of the posterior wall and 
the floor of the third ventricle and displace the aque- 
ducts. 

In several cases investigated carefully so far, a 
definite differentiation between tumors of the pons 
and the cerebellum could be made, facilitating indica- 
tions for operation. 

H. A. Jarre, M.D. 


THE SPINE 


Calcification of the Nucleus Pulposus. Armando 
Zuppa. Arch. diradiol., 1934, 10, 250-261. 

Zuppa concludes that (1) calcification of the nucleus 
pulposus is a disease entity characterized roentgeno- 
logically by an opacity in the intervertebral disc: 
(2) These shadows, in the lateral radiograph may be 
seen in the anterior or posterior portion of the disc 
according to the segment of the spine in which they are 
observed, and this is because of anatomical factors: (3) 
The observation of these shadows may be important in 
the differential diagnosis of calcification in the disc from 
other affections: (4) This condition is associated with 
ankylosing spondylitis which often accompanies it: 
(5) Calcification of the nucleus pulposus may be due to 
a lesion in the sympathetic, of toxic, infectious, or 
traumatic nature, which changes the lymphatic status 
of the disc and which produces trophic changes such as 
calcification of the nucleus pulposus or the interverte- 
bral disc or calcification of all the ligaments. 

E. T. LEppy, M.D. 


THYROID (THERAPY) 


X-ray Treatment in Some Conditions of the Thyroid 
and Thymus. H. Davies. British Jour. Radiol., 
June, 1934, 7, 362-371. (Reprinted by permission 
from British Med. Jour., Oct. 6, 1934, Epitome of 
Current Medical Literature.) 

While admitting that x-ray therapy can show a 
high percentage of successful results in the treatment 
of over-activity and of enlargement of the thyroid 
and thymus glands, H. Davies believes that, if cases of 
thyrotoxicosis were more carefully grouped and opera- 
tion were regarded as the method of choice in the 
secondary type, with x-ray treatment in the primary 
type, the results would be still better. Primary 
thyrotoxicosis occurring in the young adult is attended 
by an appreciable operative risk and an operative 
cure of only about 80 per cent, whereas the safer x-ray 
therapy can be shown by large series of cases to be just 
as effective. Davies considers that the indication for 
x-ray treatment in thyroid disease is over-activity of 
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the secretory epithelium, while in the thymus not 
only has such secretory over-activity to be considered 
as an indication, but also simple enlargement due to 
over-growth of the lymphoid tissue. A point to be 
emphasized is that recurrence in primary cases treated 
by operation is as high as 6 to 7 per cent, and this 
must be taken into account when considering the 
statistics of successful results in x-ray treatment 
as compared with operation. 

If care is exercised, the risk of skin damage should 
be mz/ and the risk of myxedema negligible. Moreover, 
X-ray treatment has the advantage that it can be 
graded, whereas at an operation the amount of thyroid 
tissue removed is final. The author has treated with 
x-rays three cases of myasthenia gravis with enlarge- 
ment of the thymus associated with enlargement of 
the thyroid and some hyperplasia. In one instance 
there was definite improvement after one month, 
persisting for eighteen months. In the other two cases 
there was immediate and striking improvement, but 
the sequel is unknown. 

The amount of radiation required to produce a good 
effect in the thymus is small. In view of the close 
connection which has been shown to exist between 
the lymphoid tissue of the thymus and thyroid and 
other conditions, the thymus should receive careful 
attention when treatment is being undertaken. 


VASOMOTOR DISTURBANCES 


Roentgen Therapy of Vasomotor Disturbances of 
the Extremities. R. Gilbert and L. Babaiantz. Rev. 
Med. de la Suisse Romande, July 25, 1934, 54, 725-741. 
(Reprinted by permission from British Med. Jour., 
Oct. 6, 1934, Epitome of Current Medical Literature.) 

Owing to the action of x-rays on the sympathetic 
nervous system, the authors have made use of them 
in vasomotor and trophic diseases of the extremities, 
such as intermittent claudication, Raynaud’s disease, 
ete. Paravertebral irradiations of the sympathetic 
ganglia and deep plexuses, either alone or combined 
with irradiation of the peripheral endings, have given 
excellent results. The authors have employed this 
method in eleven cases, five of which are here recorded. 
With a semi-penetrating moderately filtered irradiation, 
total doses of 500 to 800 r, spread over two to three 
weeks, are given in bi- or tri-weekly irradiations; 
175 r is given per field at each treatment. If results 
are not obtained, the series is repeated after an interval 
of two or three weeks. Spinal irradiations are first 
given, and, if improvement be tardy, peripheral ones 
are added. For diseases of the upper extremity, irra- 
diations are made over the cervical and two first dorsal 
vertebra, and for those of the lower limbs over the 
tenth dorsal to the first lumbar vertebre. 
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Undiagnosed lung tumor: response to irradiation, S. 
Rubenfeld, 627. 
LYMPHATIC SYSTEM, roentgenology 
Animal experiments with colloidal thorium: study in 
lymphatic absorption, R. Pomeranz, 51. 
Roentgen-ray_ visualization of part of lymphatic system, 
| a | Menville and J. N. Ané, 327. 
Roentgenologic method of examination of lymphatic system 
in man and animals, A. Zolotukhin, 455. 
LYMPHOBLASTOMA 
Lymphoblastoma: generalized disease, G. W. Holmes, 17. 
See also Hodgkin’s disease. 
LYMPHOSARCOMA. See Hodgkin’s disease. 
MASTOID, roentgenography 
Objective otologic roentgen stereoscopy and its significance 
for roentgen diagnosis of diseases of mastoid process, 
C. E. Koch, 75. 
MEDIASTINUM, roentgenography 
New method for radiographic exploration of a Ig 
and concealed portions of pulmonary fields, P. Andrus, 
97. 
tumors 
Roentgen therapy of mediastinal and lung tumors (ab.), 
R. du Mesnil de Rochemont, 389. 











MESENTERY 
Mesentery: 
METRORRHAGIA 
Diagnosis of uterine hemorrhages at age of menopause (ab.), 
J. Quénu and C. Béclére, 253. 
—o diagnosis in metrorrhagia (ab.), C. Heuser, 


MINERAL METABOLISM, disturbances 

Chronic idiopathic steatorrhea: roentgenologic observa- 

tions (ab.), A. M. Snell and J. D. Camp, 644. 

MONILIASIS 

is og x moniliasis (ab.), H. J. Bakst, J. B. Hazard, and 

A. Foley, 127. 

MONSTERS 

Obstetrical roentgenography, J. Rodriquez, 604. 

oe — of lacuna skull (Liickenschadel), R. J. 


MORQUIO'S °DISEASE. 
MOUTH, cancer 
Protracted external irradiation in treatment of carcinoma 
of mouth and throat: comparison between x-rays, five- 
gram pack, and small radium pack, I. I. Kaplan, M. Fried- 
man, R. Rosh, and C. B. Braestrup, 339. 
Treatment of cancer of mouth by surface and interstitial 
irradiation, G. E. Pfahler, 472. 
MYCETOMA 
Infectious granulomas of bones and joints, with special 
reference to coccidioidal granuloma, R. A. Carter, 1 (12). 
NECK, cancer 
Present methods of treating neck metastases by radiation 
= = Se ee for Study of Malignant Diseases at 
Y., B. T. Simpson, 476 
NEPHELOMETRY 
<4 nephelometry and its application to certain radiated 
living tissues, W. M. Millar, 294. 
NERVOUS SYSTEM, sympathetic 
Roentgen therapy of vasomotor disturbances of extremities 
(ab.), R. Gilbert and L. Babiantz, 764. 
Réle of sympatheticus in radiation therapy (ab.), W. Alt- 
schul, 517 
NEURALGIA 
Physical methods of treating neuralgia (ab.) 
NUCLEUS PULPOSUS. See Spine 
OBITUARIES 
Albers-Schénberg, Prof., 241. 
Curie, Madame, 115. 
Heuser, Carlos, 245. 
Melvil'e, Stanley, 753. 
Tandoja, Pasquale, 753. 
OBSTETRICS 
Obstetrical roentgenography, J. Rodriguez, 604. 
pelvimetry 
Pelvimetry by means of stereoscopic x-ray plates, D. Buck- 
ner, 107 
ORBIT 
Roentgenologic examination of osseous orbit (ab.), G. 
Steiner, 519. 
OS CALCIS 


Periostitis of os calcis (ab.), 
2. 


OSTEITIS, deformans 
Osteitis deformans (Paget) and diabetes insipidus (ab.), 
O. Rummert, 512. 
OSTEOCHONDRITIS 
Adolescent osteochondritis of symphysis pubis, with con- 
sideration of norma! roentgenog KC changes in sym- 
physis pubis (ab.), M. Burman, I. N. Weinkle, and M. J. 
Langsam, 648. 
Osteochondritis, focal and multiple (ab.), M. Harbin, 249. 
Osteochondritis of patella, including case with multiple 
epiphyseal involvement (ab.), M. Gellman, 119. 
OSTEOMALACIA 
Osteomalacia: brief review of modern conception of dis- 
ease (ab.), P. C. Hodges and A. C. Ledoux, 379. 
OSTEOMYELITIS 
Bacillus proteus osteomyelitis of spine (ab.), S. Selig, 125. 
Infectious granulomas of bones and joints, with special 
reference to coccidioidal granuloma, R. A. Carter, 1 (14). 
Roentgen observations in vertebral osteomyelitis and 
spondylitis infectiosa (ab.), H. Sternberg, 257. 
leprous 
Infectious granulomas of bones and wre with special 
reference to coccidioidal granuloma, R. A. Carter, 1 (13). 
OSTEOPOIKILOSIS 
Osteo ae (ab.), L. I 
OSTEOP SIS 
Tocalized focal osteoporosis during hypophyseal-ovarian 
isturbance (ab.), K. Hatzky and K. Miiller, 120. 
OSTEOSCLEROSIS, — 
Marble bones (ab.), A. H. Pirie, 378. 
OVARIES 
Biology of irradiated ovaries: dermoid in ovary of women 
treated by radium for carcinoma of cervix (ab.), J. Gran- 
zow, 123. 
cancer 
Formation of hydrometra following post-operative radium 
treatment in case of ovarian carcinoma (ab.), E. Vogt, 517. 
Results of post-operative x-ray therapy in carcinoma of 
ovary: series of 22 cases, J. B. Montgomery and J. T 
Farrell, Jr., 157. 
Seminoma ‘embryonic carcinoma) of testicle and ovary 
(ab.), A. Béclére, 512. 


radiologic study, R. Pomeranz, 582. 


See Dystrophy 


, G.Cola, 123. 





C. C. Chang and L. J. Miltner, 


*, Wilcox, 378. 
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OXYGEN, pneumoperitoneum 
Oxygen pneumoperitoneum in diagnosis and treatment 
a wax of genitalia, intestine, and peritoneum 
I. F. Stein, 123. 
PARADENTITIS 
Roentgen therapy of paradentitis (ab.), K. Neugebauer and 
K. Staunig, 514. 
Roentgen therapy of paradentitis (ab.), K. Staunig, 513. 
PARATHYROIDISM 
Differential diagnosis of hyperparathyroidism (ab.), A. B. 
Gutman, P. C. Swenson, and W. B. Parsons, 383. 
Hyperparathyrodism: common and polymorphic condi- 
tion as illustrated by 17 proved cases from one clinic 
(ab.), F. Albright, J. C. Aub, and W. Bauer, 124. 
Hyperparathyroidism due to diffuse hyperplasia of all para- 
thyroid glands rather than — of one. Clinical 
studies of three such cases (ab.), Albright, E. Bloom- 
berg, B. Castleman, and E. D. Churchill 646. 
Parathyroidism—clinical symptomatology (ab.), M. Ballin, 
379. 
bone changes 
= diagnosis of injuries of spine, H. P. Doub, 267 


PARATYPHOID, complications and sequels 
Paratyphoid osteomyelitis: report of two additional cases 
(ab.), J. R. Veal and E. M. McFetridge, 255. 
seesaw 
-ray eeereny of paronychia (ab.), 
PAROTIT 


erie and roentgen therapy (ab.), E. N. v. Oettingen, 


124. 
PATELLA 

Radiologic study of normal and pathologic patella (ab.) 
B. Raviola, 124. 

See 44 under Joints and Knee. 

PELLAGR. 

Réle nt gastro-intestinal tract in conditioning deficiency 
disease: significance of digestion and absorption in per- 
nicious anemia, pellagra, and ‘“‘alcoholic’”’ and other forms 
of polyneuritis (ab.), M. B. Strauss, 381. 

PELLEGRINI-STEIDA SYNDROME 


Calcification of tibial collateral ligament: 


7. Jessen, 124. 


report of 42 cases 


(ab.), J. G. Finder, 255. 
PELVIMETRY 
Pelvimetry by means of stereoscopic x-ray plates, D. Buck- 
ner, 107. 
PELVIS 


Differential diagnosis of phleboliths and ureteral calculi 
in roentgenograms of small pelvis (ab.), O. Buetzler, 385. 
eee of pelvic joints in pregnancy (ab.), D. Abramson, 
M. Roberts, and P. D. Wilson, 121. 
Pt 
Infectious granuloma of bones and joints, with special refer- 
ence to coccidioidal granuloma, R. A. Carter, 1 (7). 
PENIS, cancer 
Results of treatment of carcinoma of penis, H. H. Bowing, 
F poke, and V. S. Counseller, 574. 
PEPTIC ‘ULCE 
Diagnosis o peptic ulcer of esophagus (ab.), G. Pesek, 385. 
Incidence of malignancy in chronic pre-pyloric gastric ulcera- 
tions (ab.), A. O. Hampton, 381. 
Roentgen aspect of gastric ulcer therapy, N. S. Zeitlin, 491. 
Uleerations of stomach and small intestine following roent- 
gen therapy: —s of fatal case, with perforation, 
R. Elliott and E. Jenkinson, 149. 
what causes peptic wows (ab.), 255. 
PERICARDITIS 
Radiologic diagnosis of exudative pericarditis (ab.), B. 
Marini, 760. 
PERISTALSIS 
Pyelo-peristalsis characteristically altered by infection, 
_. notes on functional behavior of other hollow viscera, 
A. Jarre and R. E. Cumming, 299. 
PERITONEUM. tuberculosis 
Oxygen pneumoperitoneum in diagnosis and treatment of 
xe! of “ae intestine, and peritoneum (ab.), 
Stein, 123 
PETROUS BONE 
Roentgen es in suppuration of petrous apex (petrositis) 
(ab.), H. K. Taylor, 257. 
PHARYNX 
Malignant disease of larynx and pharynx (ab.), R. Stewart- 
Harrison, 254. 
PHLEBITIS 
Differential diagnosis of phleboliths and ureteral calculi in 
roentgenograms of small pelvis (ab.), O. Buetzler, 385. 
PHOSPHATASE 
Effect of roentgen irradiation of entire animal on phospha- 
tase activity and electrolyte content of its water extract, 
W. E. Wilkins and E. M. Regen, 443. 
PHOTO-ELECTRIC CELL 
Investigations on light dosimetry. 1I.—Photo-electric cell 
(ab.), W. Friedrich and R. Schulze, 511. 
PHOTOGRAPHY, intragastric 
Roentgen findings in small stomach lesions compared with 
intragastric photographs of living subject, P. E. Thal, 80. 
PINEAL GLAND 
Pineal body: 
Vastine, 256. 
Significance of displaced calcified pineal body for roentgen 
diagnosis of brain tumors (ab.), E. Woerner, 519. 


roentgenological considerations (ab.), J. H. 
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PLEURA 
Changes in lungs and pleura following roentgen treatment 
of cancer of breast by prolonged fractional method, H. C. 
McIntosh, 558. 
Etiology, development, and significance of pleural calcifica- 
tions and ossifications (ab.), K. Kuhlmann, 127 
PLEURISY 
Atypical forms of dry pleurisy: radiologic and clinical 
study (ab.), S. Brown, 127 
PNEUMONIA 
X-ray diagnosis of pneumonia (ab.), J. E. Roberts, 762. 
PNEUMONOCONIOSIS 
Estimation of functional disability in pulmonary fibroses 
(ab.), W. S. McCann, A. Hurtado, N. Kaltreider, and 
W. W. Fray, 761. 
— say and effect on normal and tuberculous lungs 
U. Gardner, 762. 
PNEUMOPERITONEUM 


— significance of pneumoperitoneum, L. J. Friedman, 


PNEUMOTHORAX. See under Lungs, collapse. 
POLYNEURITIS 
Role of gastro-intestinal tract in conditioning deficiency 
disease: significance of digestion and absorption in per- 
nicious anemia, pellagra, and ‘‘alcoholic’’ and other forms 
of polyneuritis (ab.), M. B. Strauss, 381. 
PREGNANCY 
Relaxation of pelvic joints in pregnancy (ab.), D. Abram- 
son, 5. M. Roberts, and P. D. Wilson, 121. 
PROSTATE 
Prostate resections, with special reference to poor surgical 
risks (ab.), A. E. Goldstein and C. S. Lev y, 256. 
ee ROA with closure: five years’ experience (ab.), 
Harris, 256. 
PYELOGRAPHY 
Excretory urography after subcutaneous injection of neo- 
skiodan (ab.), E. Beer and F. H. Theodore, 758. 
Opaque media in urology, with special reference to new 
compound, sodium ortho-iodohippurate, Jaches and 
M. Swick, 216. 
Roentgen diagnosis of renal tumors (ab.), T. Canigiani, 129. 
Unusual pyelographic observations. (Penetration into 
renal parenchyma and perforations) (ab.), J. Arendt and 
H. Brockmann, 758. 
PYELOVENOUS REFLUX 
Diagnostic significance of pyelovenous reflux (ab.), R. 
Toppner, 644. 
PYONEPHROSIS 
Calculous pyonephrosis: clinical study, with especial refer- 
ence to etiology and treatment: review of literature: 
: oport of six cases (ab.), I. E. Nash, 253. 
RADIOLOGY education 
Lay education, 113. 
Ethical publicity, 237. 
The Qualified Specialist (ed.), T 
medico-legal 
Relations of radiologist and law, I. S 
practice of 
Future of radiology as medical specialty (ab.), H. K. Pan- 
coast, 517. 
Influences affecting future of roentgenology (ab.), J. T. 
Murphy, 518. 
Radiodiagnosis in clinical medicine (ab.), 124. 
Radiology and radiologist, E. H. Skinner, 163. 
Radiology of living anatomy (ab.), J. F. Brailsford, 517. 
X-ray problem and solution (ed.), 635. 
RADIOLOGICAL SOCIETY OF NORTH AMERICA 
Annual meeting, 112, 232-235, 373, 501-508, 637-640. 
RADIOSENSITIVITY 
Problem of radiosensitivity (ab.), M. Cutler, 756. 
RADIUM 
Biology of irradiated ovaries: dermoid in ovary of woman 
treated by radium for carcinoma of cervix (ab.), J. Gran- 
zow, 3. 

Effect of intravenous radon a on blood (ab.), M. 
Nemenow and R. Gurewitsch, 

Effect of radium emanation pasate geo on alkali reserve of 
blood (ab.), S. Becker, 518 

Exponential law of tissue recovery applied to radium and 
radon dosage, M. M. D. Williams, 64. 

Formation of hydrometra following post-operative radium 
treatment in case of ovarian carcinoma (ab.), E. Vogt, 
517. 

International recommendations for x-ray and radium pro- 
tection, 682. 

Micro- nephelometry _ its application to certain radiated 
living tissues, W. . Millar, 294. 

Observations concerning unequally filled radium prepara- 
tions (ab.), Pickhan and K. G. Zimmer, 518. 

Present sett led of treating neck metastases by radiation 
at State Institute Lye Study of Malignant Diseases at 
Buffalo, N. Y., B. Simpson, 476. 

Present status of slime in treatment of cancer (ab.), 
A. C. Christie, 756 

Protracted external irradiation in treatment of carcinoma 
of mouth and throat: comparison between x-rays, five- 
gram pack, and small radium pack, I. 1. Kaplan, M. Fried- 
man, R. Rosh, and C. B. Braestrup, 339. 

Radium therapy of hemangioma (ab.), W. Baensch, 385. 

Results of treatment of carcinoma of penis, H. H. Bowing, 
R. E. Fricke, and V. S. Counseller, 574 


*. A. Groover, 751. 


Trostler, 414. 





Slide-rule for calculating radiation exposure when cells of 
uniform radium content are used, I. Friedman, 365. 

Stimulating action of radio-active deposits in body, F. B. 
Flinn, 331 

Studies concerning influence of therapeutic radium and 
roentgen irradiation on blood cholesterol and on liver 
(ab.), K. Fuge, 250. 

Technic of treatment of cancer of cervix with radon, F. FE 
Simpson, 170 

Treatment of chest-wall secondaries in breast carcinoma: 
preliminary report of new radium technic, G. E. Richards, 
280. 


Treatment of epithelioma of skin, G. E. Pfahler and J. H. 
Vastine, 542. 


RADIUS 


Badly healed fracture of styloid process of radius success- 
fully treated by prolonged immobilization (ab.), O. Kapel, 
759. 

ee a of ulna, with dislocation of head of radius (ab.), 

Cunningham, 252. 

RACT 


RESPIRATORY - 


Roentgen therapy of scleroma of upper air passages (ab.), 
R. K. Kruglikowa, 390. 

Report regarding experience in Ziirich with protracted frac- 
tional roentgen therapy from 1929 to 1932 in tumors of 
upper air passages and digestive tract (ab.), H. R. Schinz 
and A. Zuppinger, 388. 

RHEUMATISM 
Chronic rheumatic diseases of spine (ab.), J. L. Miller, 648. 
RIBS 
Differential diagnosis of injuries of spine, H. P. Doub, 267 
275). 

Infectious granulomas of bones and joints, with special 

reference to coccidioidal granuloma, R. A. Carter, 1 (6). 
RICKETS 

Renal rickets: with report of case, B. H. Nichols and E, L 

Shiflett, 677. 
ROENTGEN RAYS, apparatus 


Apparatus for reading with closed eyes (ab.), A. H. Pirie, 
251. 






Corpiometer: contour gauge for obtaining cros: 
body outlines, C. F. Baker and W. J. Marquis, 
Diaphragm and plate divider for chest roentgenography, 594. 
Electrical phenomena in high tension circuits of roentgen 
apparatus (ab.), G. Grossmann, 247. 

Fundamental considerations in use of body cavity tube 
(ab.), W. Schaefer and E. Witte, 511. 

Gas x-ray tube for irradiation with soft x-rays, H. Kersten, 


ection 
8 


Micro- nephelometry and its i? oe to certain radiated 
living tissues, W. M. Millar, 2 

Roentgenologic suggestions, W. R ‘Stecher and T. P. Lough- 
ery, 620. 

Scattered radiation in roentgenography of chest; preliminary 
report, R. B. Wilsey, 198 

apne laboratory chtonegraph, C. Weyl, F. M. McPhedran, 
and S. R. Warren, Jr., 102. 

burns and injuries 

Roentgen-ray burns: with report of nine cases from Uni- 
versity, Bleapitel, Philadelphia, 1907 to 1933, G. S. Zug- 
smith, 

a moe te and radiation therapy (ab.), I 
J. G. Knoflach, 389. 

dosage 

Cumulative dose with multiple fields, M. C. Reinhard and 
H. L. Goltz, 285. 

Dosis of roentgen rays (ab.), H. Behnken, 514. 

Dositron (ab.), S. Strauss, 120. 

Problem of dosage in ultra-short wave therapy (ab.), E. 
Hasche and H. Leunig, 377. 

Roentgen meter for small intensities of radiation (ab.), 
J. Frank, 514. 

Roentgentherapy of malignant tumors~-with protracted- 
divided doses (ab.), C. Guidotti and D. Perotti, 120 

Some mathematical aspects of pane Dosage, J. G. 
Hofman and M. C. Reinhard, 

Total dose versus cumulative oe in radiation therapy, 
M. C. Reinhard and H. L. Goltz, 166. 

effects 

Inhibition of growth in pollen and mold under x-ray and 
cathode ray exposure, C. Haskins and C. N. Moore, 
710 

Quality of radiation and skin reactions (ab.), G. Schwarz 
and A. Frank, 256. : 

Study on tissue “respiration and glycolysis in obstetrics 
and gy necology, Part V. E ffects of x-ray irradiation to 
respiration and glycolysis in tissues of uterine myoma 
(ab.), J. Toyoshima, 129. 

Study on tissue respiration and glycolysis in obstetrics and 
gynecology, Part Effects of x-ray irradiation to re- 
spiration and glycolysis in tissues of uterine cancer (ab.), 
J. Toyoshima, 130. 

examination 

Absence of left Neg one eaaanh ited with inverted thoracic 
stomach (ab.), Z. Sagal, 

Abuse of fluoroscope (ed.), 499. 

Adamantinoma of tibia (ab ), E. Holden, Jr., and J. W. Gray 


Freund and 


«09, 

Adolescent osteochondritis of symphysis pubis, with con- 
sideration of normal roentge nographic changes in sym- 
physis pubis (ab.), M. Burman, 1. N. Weinkle, and M. J. 


Langsam, 648. 
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Advantageous use of filters over parts of roentgenograms, 
especially in chest exposures (ab.), A. Determann, 127 

Diagnosis of peptic ulcer of esophagus (ab.), G. Pesek, 385. 

Diagnosis of uterine hemorrhages at age of menopause (ab.), 
J. Quénu and C. Béclére, 253. 

Differential diagnosis of hyperparathyroidism (ab.), A. B. 
Gutman, P. C. Swenson, and W. B. Parsons, 383. 

Differential diagnosis of injuries of spine, H. P. Doub, 267. 

Differential diagnosis of phleboliths and ureteral calculi 
in roentgenograms of small pelvis (ab.), O. Beutzler, 
385. 

Dilatation of left auricle to right, J. C. Ruddock, 397. 

Diverticulum of duodenum, L. G. Glickman, 479. 

Effects of immobilization on normal bone (ab.), F. M. Con- 
way and J. G. Stubenbord, 248 

Eaccphalography in Alzheimer’s disease, W. C. Menninger, 
69: 


Estimation of functional disability in pulmonary fibroses 
(ab.), W. S. McCann, N. Kaltreider, and W. W. Fray, 
761. 

Extensive calcified cysticercosis in human body (ab.), 
<. Kremser, 513. 

Fracture of ulna, with dislocation of head of radius (ab.), 
S. R. Cunningham, 252. 

Furiher observations on roentgen examination of aorta, D.S 
Dann, 208. 

Further roentgen-ray studies of carcinoma of stomach 
(ab.), M. Feldman, 386. 

Gastrojejunocolic fistula, L. G. Glickman, 609. 

Generalized actinomycosis (ab.), H Schinz and R. 
Blangey, 511. 

Importance of roentgen examination in modern treatment of 
pulmonary tuberculosis (ab.), B. H. Douglas, 387. 

Importance of roentgen examination in polypoid tumors of 
larynx (ab.), W. H. McGehee, 384. 

{Importance of roentgenologic examination in diverticulosis 
of colon (ab.), G. Brancadoro, 760 

Incidence of malignancy in chronic pre-pyloric gastric 
ulcerations (ab.), A. O. Hampton, 381. 

Ingestion of forei gn bodies: clinical- radiological considera- 
tions (ab.), M. H. Moreau and O. F. Noguera, 514. 

Inhaled silica and effect on normal and tuberculous lungs 
(ab.), L. U. Gardner, 762. 

Interatrial septal defect (ab.), H. Roesler, 645. 

Interpretation of triangular basal shadows in roentgeno- 
grams of chest (ab.), G. E. Richards, 380. 

Iodipin-embolism of liver (ab.), W. Steffens, 384. 

Knee-joint visualization: roentgenographic study with 
iopax (ab.), D. Boyd, 645. 

Large fecalith containing bismuth as complication of Hirsch- 
sprung’s disease (ab.), A. Kovacs, 515. 

Latent period in roentgen diagnosis of pulmonary tubercu- 
losis: preliminary report (ab.), L. G. Rigler and F. B. 
Exner, 129. 

Layer-formation of bile as expression of muscular and re- 
sorptive function of gall bladder; also contribution to 
accelerated cholecystography (ab.), A. Bernstein, 515. 

Lipiodol in bronchography: disadvantages, dangers, and 
uses (ab.), J. B. Amberson, Jr., and H. M. Riggins, 513. 

Lobite tuberculosis, E. M. Van Buskirk, 189. 

Marble bones (ab.), A. H. Pirie, 378 

Mesentery: radiologic study, R. Pomeranz, 582. 

Morquio’s disease: report of two cases (ab.), D. B. Davis 
and F. P. Currier, 378 

Multiple aneurysms of smaller branches of pulmonary artery 
(ab.), J. M. Barnes and D. E. Stedem, 382 

Multiple myeloma, D. E. Ehrlich, 418 

New encephalographic technic: insufflation of air by double 
puncture method—cisternal and lumbar combined, M. R. 
Castex and L. E. Ontaneda, 551 

New method for radiographic exploration of mediastinum 
and concealed portions of pulmonary fields, P. M. Andrus, 
3 

Non-tuberculous infections of spine (ab.), A. Whitman and 

’. Lewis, 647 Bn ty 

Objective otologic roentgen stereoscopy and its significance 
for roentgen en of diseases of mastoid process, 
C. E. Koch, 

Obstetrical veantensegrenley, J. Rodriguez, 604. 

Osteitis tuberculosa multiplex cystica of fibula and tibia 
(ab.), S. Sanes and W. S. Smith, 118 

Osteochondritis, focal and multiple (ab.), M. Harbin, 249. 

Osteoid-tissue-fforming tumor simulating annular seques- 
trum (ab.), H. Milch, 649. 

Osteomalacia: brief review of modern conception of di- 
sease (ab.), P. C oa and A. C. Ledoux, 379. 

Osteopoikilosis (ab.), F. Wilcox, 378 

Papillomatosis of trac and main bronchi (ab.), A. Beutel, 


« te 
Parathyroidism—clinical symptomatology (ab.), M. Ballin, 
375 
Paratyphoid osteomyelitis 
(ab.), J. R. Veal and E. M. McFetridge, 255. 
Pellegrini-Stieda’s disease: clinical and roentgenologic con- 
sideration, D. W. Hedrick and H. C. Jones, 180 
Perforation of senpengeet diverticulum into trachea (ab.), 
L. Bayer, 12! 
Peri-arthritis ioe radialis (ab.), K. Staunig, 377. 
Periostitis of os calcis (ab.), C. C. Chang and L. J. Miltner, 


report of two additional cases 


Pineal body: 
Vastine, 256. 


roentgenological considerations (ab.), J. H. 








Post-appendicitic abscess demonstrated on roentgenograms 
(ab.), F. W. Schembra, 511. 

Prenatal diagnosis of lacuna skull (Liickenschadel), R. J, 
Maier, 615. 

Pulmonary lesions produced by paraffin oil (ab.), E. Ellinger, 
762. 

Pyelo-peristalsis characteristically altered by infection, 
with notes on functional behavior of other hollow viscera, 
H. A. Jarre and R. E. Cumming, 299. 

Radiography of calcification in cardiac valves during life 
(ab.), J. V. Sparks and C. Evans, 644. 

Radiologic diagnosis of exudavite pericarditis (ab.), B. Mer- 
ini, 760. 

Radiologic study of normal and pathologic patella (ab.), 
B. Raviola, 124. 

Radiological diagnosis in metrorrhagia (ab.), C. Heuser, 253. 

Radiology of gall bladder (ab.), H. G. Hodgson, 759. 

Redundant duodenum: roentgenologic study, M. Feldman, 


Relation of trauma to arthritis (ab.), H. P. Doub, 247. 

Relaxation of pelvic joints in pregnancy (ab.), D. Abramson, 
S. M. Roberts, and P. D. Wilson, 121. 

Renal rickets: with report of case, B. H. Nichols and E. I 
Shiflett, 677. 

Roentgen aspect of gastric ulcer therapy, N. S. Zeitlin, 491. 

Roentgen diagnosis of old injury to cruciate ligament of 
knee joint (ab.), F. Felsenreich, 645 

Roentgen diagnosis of renal tumors (ab.), T. Canigiani, 129. 
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